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GIBBON’S DUPLEX STREET RAILWAY TRACK. 


[Report of the Committee on Science and the Arts.] 


[No. 1,643.] HALL OF THE FRANKLIN INSTITUTE, 
PHILADELPHIA, April 1, 1892. 
The Sub-Committee of the Committee on Science and 
the Arts, constituted by the Franklin Institute of the 
State of Pennsylvania, to whom was referred for examina- 
, tion, 
GIBBON’S DUPLEX STREET RAILWAY TRACK, 


report, That the system embraces a form of construction for 
street railways that dispenses with wooden sills and cross- 
ties, and substitutes therefor metal chairs and tie-bars as 
supports and braces, for a system of double rails of peculiar 
construction, in which the head and flange rails are separate, 
each having a wide depending web directly under the load- 
bearing surface. These two sections, when united, form a 
complete rail, making a very stiff longitudinal stringer, laid 
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to break joints, so that when the head seetions meet they 
are supported by the solid portion of the flange section, and 
where the latter join they are covered partially by the solid 
head section, thus practically forming a jointless track of 
uniform strength and elasticity throughout its entire length. 

A transverse section of this track exhibits two double 
rails—two cast-iron chairs, one tie-bar and two lock-wedges, 
as shown in the accompanying illustrations. 

It will be noted that no spikes or threaded bolts are used, 
that the gauge of the track is absolutely uniform and per- 
manent, being controlled by the notched tie-bars which 
receive the webs of the rails. Two patterns of cast-iron 
chairs are preferably used: the joint chair having slots and 
key-ways to receive two tie-bars and two key-wedges, and 
an intermediate chair having but a single tie-bar, slot and 
key-way. 

The tie-bars are made from flat steel about two inches 
by one-half inch at each end to any desired gauge, to receive 
the webs of the rails. 

The keys or wedges are split at one or both ends, and, 
being driven through the key-ways of the chairs directly 
over the tie-bars, and through openings in the webs of the 
rails, are securely held in place by slightly spreading the 
split ends, so that they will not come out accidentally, but 
are not difficult to remove when necessary. 

The claims of superiority advanced for this system are 
fully discussed and illustrated in the letters patent Nos. 
429,127 and 429,128, dated June 2, 1890, and other papers 
forming an appendix for reference; but briefly stated, they 
appear under the following heads: 

(1) “Durability and permanence, inherent to an all-metal 
system.” This claim passes without question. 

(2) “Smoothness and stability of the track, which is 
absolutely free from weak points.” 

When a track is constructed so that the ends of the rails 
cannot yield to the passing load, the worst of all track-des- 
troying causes is removed, and such a road must retain its 
smoothness and stability until the rails are entirely worn 
out throughout their length. 
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(3) “Increased vertical and lateral strength without 
increase of metal.” 

The double rail with the two vertical webs combined and 
secured by the metal chairs, tie-bars and wedges, is naturally 
very stiff, in all directions; this is mainly due to the better 
disposition of the metal with relation to the direction of the 
load and strain. 

(4) “‘ Freedom from torsional strain, the bearing surfaces — 
being directly supported by the vertical webs.” 

The prevailing form ofa street track in America provides 
for two kinds of service, a head to carry the car and a flange 
upon which other vehicles may run. 

In single girder rails, the one vertical web is not placed 
directly under either of these load-bearing portions, but 
between them, so that there is no direct support for either 
car or wagon, which brings upon such a track a serious and 
injurious twisting strain. In the Gibbon rail, which has the 
two vertical webs directly under each of the load-bearing 
surfaces, similar twisting is impossible. 

(5) “Increased wearing capacity of head rail.” 

On tracks constructed so that wagons cannot travel upon 
them, or where the wagon travel is much lighter than the 
car service, the head of the rail will wear out most rapidly ; 
when this occurs upon a single girder rail the entire rail 
must be discarded as scrap, while with the Gibbon system, 
only the head rail need be renewed, and the discarded part 
is but half the weight of the single girder. 

(6) “In renewal, the discarding of the worn portion only 
is necessary.” 

The advantage of retaining either half of the rail in ser- 
vice until it is worn out, adds greatly to the life and econ- 
omy of such a track. 

(7) “Perfect alignment and accurate maintenance of 
gauge with requisite freedom forexpansion and contraction.” 

The union’ of the rails with the tie-bars and keys at the 
chairs is such that, while the rails are firmly seated in the 
chairs and securely held down by the keys, the eyes in the 
tail-webs being longer than the width ofthe keys, ample 
play for expansion is provided. 
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(8 “Simplicity of construction which expedites the track 
laying and reduces the disturbances of the public streets.” 

Every piece of the Gibbon track is of the simplest form 
and inexpensive to make, and in the construction of a mile 
of track but 7,850 pieces are required, while some of the 
permanent single girder tracks are made up of over 26,000 
pieces and the common tram rail uses 17,406 pieces per mile. 
In excavating for these tracks the quantity of earth to be 
removed bears about the same ratio, viz: for the Gibbon 
track 300 cubic yards and for the others 1,064 cubic yards, 
and 932 cubic yards, respectively. These advantages bring 
the.cost of the superior all-metal Gibbon track within the 
cost of the ordinary tram track. 

(9) “Maintenance of absolute contact of metal, which 
obviates the necessity of ‘bonding joints’ for electrical 
traction.” 

This claim is doubtless well founded; the method of 
connecting the rails at their ends is such that for electrical 
service the track is found to be practically and permanently 
as one continuous rail. 

(10) “A reasonable first cost, and great saving in mainte- 
nance.” 

For reasons above stated, this claim must be conceded. 

From a careful examination of this system and an inspec- 
tion of tracks in practical use, it is evident that much that 
has long been desired in the direction of a better and more 
lasting construction, permanent smoothness and strength 
equal to the heavy traffic that they are subject to, has been 
carefully and ably worked out upon a thoroughly practical 
and economical line, in every detail. 

The special requirements of electrical traction and cable 
service appear to be fully met, so that we have an excellent 
substitute for every objectionable form of track now com- 
monly used. 

An invention that will contribute so much to the daily 
comfort of every one who must use the street cars, and that 
at the same time materially reduces the annoyance of the 
ever-recurring repairs to the present prevailing systems, 
commends itself to the highest appreciation of all. 
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We therefore respectfully recommend the grant to the 


inventor of the award of the John Scott Legacy Premium 
and Medal. 


H. R. HEyYL, Chairman: J. M. EMANUEL, 

SPENCER FULLERTON, CuHas, E. RONALDSON, 

ARTHUR BEARDSLEY, G. MORGAN ELDRIDGE, 
L. L. CHENEY. 


Adopted, May 4, 1892. 


ARTHUR BEARDSLEY, 
Chairman of the Committee on Science and the Arts. 


THE DEVELOPMENT or AMERICAN ARMOR- 
PLATE. 


By F. Lynwoop GARRISON. 


[Continued from p. 356.) 


Alloyed Steel Armor.—As far as the author can determine 
the use of what has been termed “alloyed steels” for the 
manufacture of armor-plate was begun on an entirely 
experimental basis, about the year 1881. 

During this year, some chrome steel plates made at Creu- 
sot and at Unieux were tested at the Gavre proving 
grounds in France. These plates were composed of square 
slabs, fastened to a solid backing of iron. 

The experiments were not so successful as anticipated, 
the first projectile shattering the plate almost to pieces. 
This result was attributed to the fact of the iron backing 
not being sufficiently-solid, and to the difficulty of getting 
the iron and steel to make an efficient compound.* 

Since 1881, some few experimental plates of chrome, 
manganese or copper steels have been made in France; as 
far as the author knows the results were not made public, 
and he infers they could not have been satisfactory. 

The one alloyed steel, which has been used to any extent 


* Journal of the Iron and Steel Inst., No. 1, 1881, p. 329. 
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within the last two or three years,is nickel steel; it was 
first used in a practical manner as armor-plate in France. 

Henri Schneider, of Creusot, in his patent specifications 
for the manufacture of alloys of steel and nickel, and steel 
and copper, mentions that such alloys are especially adapted 
or suitable foruse in the construction of armor-plates.* For 
several years it has been a well-known fact amongst metal- 
lurgists that alloys of certain properties of nickel and steel 
are made more thoroughly homogeneous, stronger and 
harder by the presence of the nickel. Nickel steel with- 
stands punching without cracking to a marked degree; it 
forges, rolls and tempers well, and can be cast into shapes 
without difficulty. 

In 1891, Capt. Tresidder obtained a British patentt+ for 
the use of a nickel steel back instead of wrought iron or 
steel, in the manufacture of the Ellis (Brown & Co.) com- 
pound plates. 

He states in the specification that about two per cent. of 
nickel is added to the Siemens-—Martin steel used for the 
purpose, also that such nickel-steel is equally applicable to 
compound plates made in any other manner. The use of 
these nickel-steel backs is possibly as important if not 
the most important factor in the success of the so-called 
Tresidder process which will be considered later on. 

One of the first nickel-steel plates made by Schneider 
& Co., at Creusot, was tested by the Russian Government at 
Ochta, November 11, 1890. 

The now famous nickel-steel plate, tested at Annapolis 
in September, 1890, was made at Creusot about a year after 
the Ochta plate, and, as a consequence, might be expected 
to be the superior owing to the improvements which 
naturally would be made in the process of manufacture 
during that interval. 

The Ochta plate did not develop as good qualities as 
had been expected, but it proved much superior to the 
Brown compound plate, and the Vicker's all-steel plate 


*U. S. Patents 415,655 and 415,654, November 19, 1889. 
+ No. 2,552, of 1891. 
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tested at that time; only two of the projectiles getting 
their points beyond its back. 

The rebounding of the projectiles from the nickel- 
steel plate showed it to be much more elastic than 
the all-steel, the latter acting more like good wrought 
iron when attacked by projectiles of the best quality. 
One especially noticeable feature in the nickel-steel 
plate should be kept in mind—that of the little effect 
of its many cracks on the penetration of succeeding pro- 
jectiles.* 

M. Barba statest that he cannot see the necessity 
of seeking so earnestly the suppression of cracks since they 
do not exercise any influence upon perforation. By giving 
the steel a laminated structure, assisted by the introduction 
of nickel, it is possible to keep back the apparition of cracks, 
but M, Barba did not think in any metal they could be done 
away with altogether. 

It is difficult to determine just how the nickel acts in a 
beneficial manner when added to steel; that nickel has a 
very strong affinity for iron, we have demonstrated in its 
almost invariable presence in meteoric iron. 

Vickers denies the supposition that nickel could give a 
laminated structure to cast steel. He states that when a 
projectile strikes a plate the metal must be distorted, and 
if that leads to cracking, it is likely to be called lamination. 
He had noticed cracks beneath and parallel with the sur- 
face were often thought to be due to lamination.{ 

Barba states that the presence of cracks depend very 
much upon the nearness of the point of impact of the shot 
to the edge and that they might be prevented by the 
proper metallurgical treatment.§ 

Mr. W. H. White (Director of Naval Construction of the 
British Admiralty) states, that he has seen cracks take place 


* The Year's Naval Progress, p. 303. Washington, 1891. 

+ Proceedings of the Institution of Naval Architects, 1891. Engineering, 
vol. li, 1891, p. 393. 

Lbid. (Engineering), p. 393. 
2 lbid., p. 396. 
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Fic. 6.—Creusot nickel-steel plate. 
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Fic. 7.—Creusot nickel-steel plate (hack) 
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at some distance from the shot. What the cause might be 
it is difficult to say, and how far the effect might be serious 
for cracks of given dimensions, it was also difficult to decide.* 

- The results of the Annapolis trials of 1890 are too well 
known to need furthercomment.t The resistance obtained 
with the nickel-steel plate far exceeded the expectations. 
At the fifth shot, with a striking energy of 4,988 foot-tons, 
an eight-inch armor-piercing projectile broke in many pieces 
after having forced its point but ten and one-half inches 
beyond the back and without developing a sign of a crack. 
(See Plate J.) This armor-plate showed as much homogeneity 
as the steel one, but was tougher and more tenacious. (Figs. 
6 and 7.) Never before, in the history of modern armor, had 
a plate given results to compare with these; withstanding 
a total energy of 16,940 foot-tons—1,835 foot-tons per ton of 
plate —without developing a single crack and without being 
perforated.{ Thedimensions of both these ni¢kel-steel plates 
were much the same, the Ochta being 8 x 8 feet square and 
about ten inches thick, and the Annapolis 6 x 8 feet by 10} 
inches thick. 

They differed somewhat in composition, containing 
unequal proportions of nickel. Up to the time of the 
Annapolis trials no nickel-steel plates of any great size 
appear to have been made in England, although about that 
time and since, considerable quantities of four-inch nickel- 
steel deck plates have been made and tested on board the 
Nettle, with very satisfactory results. It has been officially 
stated such plates yielded results seventy-five per cent. 
above similar plates ever tested in England.|| Similar 
results were obtained by the French, Danish and Chilian 
Admiralty officials. 


* Engineering, p. 396. 

+See Zhe Year's Naval Progress, July, 1891. Proceedings of the U. S. 
Naval Inst., vol. xxi, No. 5. Journ. of the Franklin Inst, Report of the 
Secretary of Navy. 

Jbid., p. 326. 

4 Journal of the Iron and Steel Inst., No. 11, 1891, p. 51. 

\| Zrans. of the Am. Inst. of Mining Engineers, vol. xix, p. 832. 
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At the present time the development of nickel-steel in 
England appears to be in its application to compound plates 
by the system of Captain Tresidder already mentioned. 

The author assumes the nickel-steel deck plate made in 
this country to have given equally good results. Some of 
it made by Carnegie, Phipps & Co., showed by analysis the 
following composition :* 


This metal is presumably up to the United States Navy 
standard of 85,000 pounds tensile strength and twenty per 
cent. elongation. 

Twonickel-steel plates of 10°43 and 9°84 inches in thickness, 
respectively, were tested at Gavre, in July, 1891, yielding 
results very similar to those obtained with the Creusot 
nickel-steel plate at the Annapolis trials of 1890.+ 

Triple Alloys—What might be termed triple alloys of 
steel are beginning to attract some attention, and it would 
seem probable in the near future they may be used to 
some extent in the mantfacture of armor-plate. Already 
the Compagnie des Hauts-Fourneaux, Forges et Aciéries de la 
Marine et des Chemins de Fer in France have made some 
experimental armor-plate of a 0°4 per cent. carbon steel with 
one per cent. chromium and two per cent. nickel, the steel 
being first melted in an open-hearth furnace in the ordinary 
way. When the silicon and manganese normally present 
in the steel have attained their proper proportions, the 
nickel and chromium are added successively in the form of 
ferro-nickel and ferro-chrome, or in the shape of a double 
ferro-chrome and nickel.t 


* The author is indebted for this analysis to Mr. James S. de Benneville, 
of Philadelphia. 


+ Le Yacht, October 24, 1891. 
t Engineering and Mining /ourna/, January 23, 1892, p. 131. 
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The design of the alloy is obvious, as it is evident the 
nickel is intended to give the toughness and the chromium 
the hardness. 

If by this means conditions in armor-plate could be 
obtained similar to those in the Harvey treated nickel-steel 
plates at the recent Indian Head trials, we would truly 
have an ideal plate—ideal at least until the power of the 
gun has outgrown its present proportions. The author 
ventures to hope this ideal will at least in some measure be 
realized, for he believes the development of armor-plate in 
this direction to be the true one. 

The recent armor-plate trials held at Indian Head, Md., 
the subject of which should properly constitute this paper; 
were held in three series, the first October 31st, the second 
November 14, 1891, and the third January 13, 1892. 

Commander Wm. M. Folger, Chief of the Bureau of 
Ordnance, Navy Department, having requested that the 
Franklin Institute be represented at these trials, the author 
had the honor of being selected as its delegate. 

He was present at the first two series, but owing to the 
date of the third having been decided upon somewhat 
unexpectedly, he was unable to attend. The results of the 
third series were, however, of comparatively little interest, 
being more or less of a repetitioneof those of the first and 
second series. 

It was the intention of the Navy Department to test 
three plates of different composition at each of the three 
series, making a total of nine plates, all substantially of the 
same dimensions and weight. 

This plan, however, was only carried out in the first and 
second series, as but two plates of somewhat irregular 
dimensions were tested at the third series. 

For this reason the author will confine his remarks about 
these tests chiefly to the first two series, and for the sake 
of greater accuracy draw more of the details from the 
official report than from his own notes.* 


* The photographs which are used to illustrate these trials are those taken 
by the Board; the author is indebted to Commander Folger for the loan of 
the same, and also to the United States Naval Institute, and to the publishers — 
of the /ron Age for a number of the others. 
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, The size of each plate was 8 x 6 feet x 10°5 inches and it was fastened to 
the backing by twelve bolts 2°36 inches in diameter, giving a total bolt 


L cross-section of 52°29 square inches. Further details are—* 
Total Bolt 
| Cross-sec- 
CHARACTER oF PLATE. Maker. | Weight. tion per 
| Ton of 
Plate. 
y 
e pounds. sq. inches. 
High-carbon nickel-steel, ......- - Bethlehem Iron Company, . | 20,494 5°71 
Low-carbon nickel-steel, . . . . . . . Carnegie, Phipps & Co., .| 20,844 5°62 
Low-carbon steel, Harvey,. . .. . . Bethlehem tron Company, . | 20,506 5°71 
ye High-carbon nickel-steel, ....... Carnegie, Phipps & Co., .| 20,590 5°69 
Low-carbon nickel-steel, Harvey, . . . Carnegie, Phipps&Co., . 20,220 5°79 
n High-carbon nickel-steel, Harvey, . . . | Bethlehem Iron Company, . | 20,682 5°66 
| 
‘Tg “ ‘The targets were set up so that the faces of the plate were on the chords 
-. of a circle whose centre was the gun's pivot and whose radius was 73 
d feet 5 inches. The muzzle of the six-inch B. L. R. was consequently 
1 


57°5 feet and the eight-inch B. L. R. 55°5 feet from the face of the plate when 
the gun was pointed at its centre, the axis of the gun being then perpen- 


of dicular to the plane of the plate. 
he The backing was constructed in accordance with the drawings furnished 
- by the Bureau of Ordnance, except that, on account of the length of the 


armor bolts, on the first day wooden and on the second iron washers were 
used under the cup washers of these bolts. During the first day’s firing 


he some of the wooden washers were split and somewhat compressed and the 
at armor-plate bolt nuts were in some cases tightened between the shots. 
he The surfaces of the plates were as they came from the makers and were 
free from paint. 
wags The gun was mounted on a solid platform and protected overhead by a 
nd shed of heavy timbers, and in front by a bank of earth, with sand-bags 
around the chase. 
est The guns were pointed by means of cross-hair sights in the bore, and 
ree were fired by friction primers with a long lanyard leading to the bomb-proof 
thie near the gun, 18 feet distant. ; 
In this report “‘ front,’’ when applied to the plate or to fragments thrown 
therefrom, will mean the direction from the plate towards the gun. The 
and swellings of the plate caused by the projectile will be called the ‘front bulge” 
ular and the “‘ back bulge.” “ Right’’ and “ left’’ will be taken as the right or 
left-hand ofa person facing the front ofthe plate. ‘ Perforation’ will indi- 
out cate that the hole through the plate is in its entire length, as great or greater 
il than the maximum diameter of the projectile. 
is BALLISTIC DETAILS. 
Six-inch B. L. R. 
a Gun.—Six-inch B. L. R. of forty calibre: Mark 111. No. 120. 
aken Charge.—42'4 pounds Du Pont’s brown prismatic powder. 
“a * The details in small type are from the official report of the Board, those in large type, from the 


author’s notes. 
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Projectile —Six-inch armor-piercing shell, manufactured by Jacob Holtzer 
& Co., Unieux, France, brought up to the standard weight of 100 pounds by 
filling with sand and small fragments of iron. 


Striking velocity, determined by previous firings, foot-seconds, .......... 2,075 
Striking energy per ton of plate, about (fooi-tons), .. 325 


Carriage.—Central pivot, Mark 1v. No. 93. 
Eight-inch B. L. R. 
Gun.—Eight-inch B. L. R. of thirty-five calibres, Mark 111. No. 18. 
Charge.—74°5 pounds Du Pont's brown prismatic powder. 
Projectile —Eight-inch Firminy armor-piercing shell, manufactured by 
T. Firth & Sons, Sheffield, England, brought up to the standard weight of 
210 pounds by filling with sand and small fragments of iron. 


Striking velocity, determined by previous firings, foot-seconds, ........... 1,850 
Striking energy per ton of plate, about (foot-tons),..........-20eee0800% 543 


When the Carpenter projectile was used: 

Charge.—72°5 pounds of Du Pont’s brown prismatic powder. 

Projectile.—Eight-inch armor-piercing shell, manufactured by the Car- 
penter Steel Company, Reading, Pa., brought up to the standard weight of 
250 pounds by filling with sand and small fragments of iron. 


Striking energy, per ton of plate, about (foot-tons), ... eae 545 


Carriage.—Central pivot, Mark Iv. No. 15. 
The total striking energy of the five projectiles was 16,940 foot-tons, equal 
to about 1,845 foot-tons per ton of plate. 


FIRST DAY, OCTOBER 31, 1891. 
Weather clear ; thermometer at g A. M., 52° F.; at 2 P. M., 70° F. 
Round 7. 


First shot at Bethlehem Iron Company's high-carbon nickel-steel plate. 
Time, 8:48:45 A. M. 

Gun.—Six-inch B. L. R. 

The point of impact was 24 inches from the top and 24 inches from the 
left side of the plate. 

The projectile entered the plate and rebounded to the front 31 feet 10 
inches, and ricocheted 19 feet 2 inches beyond. The projectile was 
unbroken, and was shortened 0°06; expanded at bourrelet o’o1, at body 0'03, 
at base o’oo. 

The penetration of the point was 13°25 inches. 

A bulge was formed on the face of the plate 16°5 inches in diameter, 
with a regular and curling fringe of metal about the hole 1°75 inches high, 
and radial hair cracks in the bulge 4°5 inches and 2°5 inches long. 
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The bulge on the back of the plate was 16°5 inches in diameter, about 
the hole 1°75 inches wide ; opposite the point of the projectile, from which a 
star of cracks opened out. A piece of metal about one-third the bulge was 
scaled off the back of the plate. 

The indent in the backing corresponded in shape to the back bulge and 
was 11 inches in diameter and 1°75 inches deep. 

The head of one of the side plate bolts was broken. 

(See Figs. 8, 9 and 74.) 


A through crack was subsequently developed at this 
point. The penetration was somewhat less than the first 
shot at the Creusot nickel-steel plate of the Annapolis trials 


in 1890. 
Round 2. 


First shot at Carnegie, Phipps & Co.’s low-carbon nickel-steel plate. 
Time, 8:56 A. M. 

Gun—Six-inch B. L. R. 

The point of impact was 24 inches from the top and 24 inches from the 
left side of the plate. 

The projectile entered and remained in the plate apparently intact, with 
its base 9°75 inches inside the face of the plate. 

The estimated penetration of the point was 26°53 inches. 

A bulge was formed on the face of the plate 18*5 inches in diameter, with 
a regular and curling fringe of metal about the hole 1°75 inches high. 

No cracks. 

When the plate was removed from the backing the projectile remained 
in the latter, with its base 1°5 inches from the normal surface thereof. 

The bulge on the back of the plate was 16°5 inches in diameter, and 4°87 
inches high about the hole through which the projectile passed. 

The indent in the backing corresponded in shape to the bulge, and was 
it inches in diameter and 4 inches deep. Two small pieces of the plate 
adhered to the backing. One of the side plate bolts was loosened. 

(See Figs. zo, 77 and 74.) 


A thorough crack was subsequently developed at this 
point. 
Round 3. 


First shot at Bethlehem Iron Company's low-carbon steel Harvey plate. 
Time, 9:9:50 A. M. 

Gun—Six-inch B. L. R. 

The point of impact was 24 inches from the top and 24 inches from the 
left side of the plate. 

The projectile entered and broke up; the head split into twelve pieces 
with a very jagged fracture and remained in the plate, and the base was 
broken into small pieces, one of the larger of which being found 100 yards 
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to the front. The front end of the charge chamber was 2°75 inches inside 
the face of the plate. 

The estimated penetration of the point was 10°07 inches. 

A bulge was formed on the face of the plate, 19 inches in diameter, with 
a maximum height about the hole of o'75 inch, There was no curling 
fringe, but the metal about the hole chipped off. 

The bulge on the back of the plate was 16 inches in diameter and 2 
inches high, with a star of cracks opening from the point of the projectile. 

The backing showed a slight depression, corresponding in shape to the 
bulge, 12 inches in diameter and 1°5 inches deep. 

Two of the side plate bolts were loosened. 

(See Figs 12, 73 and 74.) 


Round 4. 


-Second shot at Bethlehem Iron Company’s high-carbon nickel-steel 
plate. Time, 9:20:28 A. M,. 

Gun.—Six-inch B. L, R. 

The point of impact was 225 inches from the top and 24 inches from the 
right side of the plate. 

The projectile entered and broke into several pieces, the head with a 
jagged fracture and split into three equal pieces remaining in the plate. 
The front end of the chamber was 2°75 inches inside the face of the plate. 

The estimated penetration of the point was 10°07 inches. 

A bulge was formed on the face of the plate 18°5 inches in diameter with 
a regular and curling fringe about the hole 1°75 inches high. Three short 
surface radial cracks were developed in the bulge, 2 inches, 2°5 inches and 
2°75 inches long. 

The bulge on the back of the plate was 17 inches in diameter, and 2°12 
inches high ; about the hole one inch wide, which opened out with a star of 
cracks from the point of the projectile. 

The indent in the backing corresponded in shape to the back bulge and 
was 11 inches in diameter and 1°37 incaes deep. 

One of the side plate bolts was loosened. The top of the plate was 
separated from the backing o’5 inch. 

(See Figs. 8, g and 74.) 

Round 5. 


Second shot at Carnegie, Phipps & Co.'s low-carbon nickel-steel plate. 
Time, 9:31:45 A. M. 
Gun.—Six-inch B. L. R 
The point of impact was 24 inches from the top and 24 inches from the 
right side of the plate. 
The projectile entered and remained in the plate, broken into two pieces, 
with its base 9 inches beyond the surface of the plate. 
The estimated penetration of the point was 26°32 inches. 
A bulge was formed on the face of the plate 18°75 inches in diameter, 
with a regular and curling fringe about the hole 1°75 inches high. 
No cracks. 
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Fig. 9.—High-carbon nickel steel, Bethlehem (back). Fic. 11.—Low-carbon nickel steel, Carnegie (back). Fic. 13.—Harvey low-carbon steel, Bethlehe 


THE INDIAN HEAD ARMOR TESTS.—TEN AND ONE-HALF INCH } 


PART THEREOF TREATED BY THE HARVEY PRO 


e. 
Fic. 8.—Hi i 
G. 8.—High-carbon nickel steel, Bethlehem. F1G. 10.—Low-carbon nickel steel, Carnegie (face) F1G. 12.—Harvey 1 
arith 3. 12. arvey low-carbon steel, Bethleha@ 
short 


Fic. 12.—Harvey low-carbon steel, Bethlehem 


F1G. 13.—Harvey low-carbon steel, Bethlehem (back). Fic. 16.—High-carbon nickel steel, Carnegie. Fic. 18. 


< TESTS.—TEN AND ONE-HALF INCH NICKEL STEEL PLATES BY CARNEGIE, PHIPPS & CO. AND BETHLEHES 


PART THEREOF TREATED BY THE HARVEY PROCESS. FOUR ROUNDS SIX-INCH B. L. R., ONE ROUND EIGHT-INCH B. L. R. 


15.—High-carbon nickel steel, Carnegie. Fic. 17 
+ 


Fic. 18.—Harvey low-carbon nickel steel, Carnegie (back). 


STHLEHEM IRON COMPANY. 


Fic. 20.—Harvey high-carbon nickel steel, Bethlehem. 


Fic. 17.—Harvey low-carbon nickel steel, Carnegie (face). F1G. 19.—Harvey high-carbon nickel steel, Bethlehem. 
R. 
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When the plate was removed from the backing the projectile was found 
broken at the rotation band, the head sticking in the backing and the base 
in the plate. 

The bulge in the back of the plate was 17 inches in diameter and 4°5 
inches high. 

The indent in the backing corresponded in shape to the back bulge, 
was I! inches in diameter and 4 inches deep. Two small fragments of the 
plate adhered to the backing. 

The upper part of the plate was sprung away from the backing o’5 inch. 

(See Figs. 70, and 74.) 

Round 6. 


Second shot at Bethlehem Iron Company's low-carbon steel Harvey 
plate. Time, 9:41:20 A. M. 

Gun —Six-inch B. L. R. 

The point of impact was 24 inches from the top and 24 inches from the 
right side of the plate. 

The projectile entered and broke up, the head with a very jagged 
fracture remained in the plate. The body of the shell broke into many 
fragments. The front end of the charge chamber was 2°37 inches inside the 
face of the plate. 

The estimated penetration of the point was 9°7 inches. 

A bulge was formed on the face of the plate 18 inches in diameter with a 
maximum height about the hole of one inch. There was no curling fringe, 
but the metal about the hole was chipped off. A crack probed 5 inches 
deep, but was probably through, and extended from the hole to the right 
side of the plate 18°37 inches from the top. 

The bulge on the back of the plate was 18 inches in diameter and 1°62 
inches high with a star of cracks opening out from the point of the projectile. 

The indent in the backing corresponded in shape to the back bulge and 
was 12 inches in diameter and one inch deep. 

Several of the side plate bolts were started and loosened and the upper 
left corner of the plate was sprung away from the backing 0°25 inch. 

(See Figs. 72, 77 and 74.) 


A crack formed from point of impact to right hand edge 
which subsequently developed into a large through crack. 


Round 7. 

Third shot at Bethlehem Iron Company's high-carbon nickel-steel plate. 
Time, 9:53:20 A. M, 

Gun.—Six-inch B, L. R. 

The point of the impact was 24 inches from the bottom and 24 inches 
from the left side of the plate. 

The projectile entered and rebounded unbroken to the front 15 feet, 
ricocheted 10 feet 6 inches farther, striking an oak timber and rebounded 
7 feet. It was shortened 0°06 inch, expanded at bourrelet o’o2 inch, at 
body 0°035 inch, at base o’o inch. 
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The penetration of the point was 12°75 inches. 

A bulge was formed on the face of the plate 16°75 inches in diameter, with 
a regular and curling fringe 1°75 inches high around the hole, with three 
radial hair cracks in the bulge, each 3 inches long. 

The bulge on the back of the plate was 15 inches in diameter and 2°75 
inches high, about the hole o*s5 inch wide, which opened out with a star of 
cracks from the point of the projectile. 

The indent in the backing corresponded in shape to the back bulge, and 
was 11 inches in diameter and 2 inches deep. 

Several bolts of the side plates were started and loosened. 

The top of the plate was sprung from the backing 0°75 inch. 

(See Figs. 8, 9 and 74.) 


Round 8. 


Third shot at Carnegie, Phipps & Co.'s low-carbon nickel-steel plate. 
Time, 10:2:32 A. M. 

Gun.—Six-inch B. L. R. 

The point of impact was 24 inches from the bottom and 24 inches from 
the left side of the plate. 

The projectile entered and remained in the plate apparently intact. The 
base plug could be turned while the projectile was warm, but when cold was 
set fast. The base of the projectile projected 2°69 inches from the face of 
the plate. 

The estimated penetration of the point was 14°6 inches. 

A bulge was formed on the face of the plate 16°5 inches in diameter, with 
a regular and curling fringe about the hole 1°44 iaches high. 

No cracks. 

The bulge on the back of the plate was 17 inches in diameter and 4°25 
inches high, about the hole 2 inches wide which opened out with a star of 
cracks from the point of the projectile. 

The indent in the backing corresponded in shape to the back bulge and 
was I! inches in diameter and 2°75 inches deep. 

The top of the plate was sprung 0°75 inch away from the backing. 

(See Figs. ro, 77 and 74.) 


Round 9. 


Third shot at Bethlehem Iron Company’s low-carbon steel Harvey plate. 
Time, 10:10:45 A. M. 
Gun.—Six-inch B. L. R. 
The point of impact was 24 inches from the bottom and 24 inches from 
the left side of the plate. 
The projectile entered and remained apparently intact in the plate, the 
base 9°68 inches inside the face. 
he estimated penetration of the point was 26°96. 
bulge was formed on the face of the plate 16°25 inches in diameter, with 
a fringe about the hole 1°3 inches high, part of which was chipped off, and 
numerous radial hair cracks in the bulge not over 3 inches long. 
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The bulge on the back of the plate was 18 inches in diameter and 3°; 
inches high abgut the hole through which the projectile had passed. 

A crack extended from the hole to the bottom of the plate 24 inches 
from the left side, which probed 2°37 inches deep. The crack noted in 
No. 2 shot on this plate opened slightly and a surface crack developed 
upwards from No. 2 hole towards the top of the plate. 

The indent in the backing corresponded in shape to the back bulge and 
was 12 inches in diameter and 2°5 inches deep. The projectile remained in 
the backing, its base projecting 1°5 inches from the surface. 

The lugs of the wrought-iron clamp which held the bottom of the side 
plates were bent outwards and the right one cracked, showing that the side 
plates had been forced outward at the moment of firing. 

(See Figs. 72, 77 and 74.) 

Round Io. 


Fourth shot at Bethlehem Iron Company's high-carbon nickel-steel plate. 
Time, 10:18:52 A. M. 

Gun.—Six-inch B. L. R. 

The point of impact was 24 inches from the bottom and 24 inches from 
the right side of the plate. 

The projectile entered, broke into several pieces and rebounded, the head 
being found 21 feet to the front. 

The penetration of the point was 10°37 inches. 

The bulge was formed on the face of the plate 17°25 inches in diameter, 
with a regular and curling fringe about the hole 1°87 inches high, and two 
radial hair cracks in the bulge 3 and 4 inches long. 

The bulge on the back of the plate was 15 inches in diameter and 1°62 
inches high, with a slight crack from the point of the projectile. 

The indent in the backing corresponded in shape to the back bulge and 
was 10 inches in diameter and one inch deep. 

The side plate bolts were started and the upper part of the plate was 0°75 
inch away from the backing. 

(See Figs, 8,9 and 74.) 

Round 11. 

Fourth shot at Carnegie, Phipps & Co.’s low-carbon nickel-steel plate. 
Time, 10:26:55 A. M. 

Gvn.—Six-inch B. L. R. 

_ The point of impact was 24 inches from the bottom and 24 inches from 
the right side of the plate. 

The projectile entered, broke into several pieces, and rebounded, the 
head and a portion of the body in one piece being found 29 feet 6 
inches to the front and 25 feet to the right.: The head parted from the 
body at the bourrelet for about 300° with a single piece of the body about 4 
inches long adhering thereto. 

The penetration of the point was 13°19 inches. ¢ 

The bulge was formed on the face of the plate 17°5 inches in diameter, 
with a regular and curling fringe about the hole 1°75 inches high. 
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No cracks. 

The bulge on the back of the plate was 18 inches in diameter and 2°87 
inches high about the hole 2 inches wide, which opened out with a star of 
cracks from the point of the projectile. 

The indent in the backing corresponded in shape to the back bulge and 
was It inches in diameter and 2°5 inches deep, with a small fragment of the 
plate sticking therein. The course of backing next to the plate was split 
between No. 3 and No. 4 hole. 

(See Figs. zo, 17 and 74.) 

Round 12. 


Fourth shot at Bethlehem Iron Company's low-carbon steel Harvey plate. 
Time, 10:36:50 A. M. 

Gun.—Six-inch B. L. R. 

The point of impact was 24 inches from the bottom and 24 inches from the 
right side of the plate. 

The projectile entered and remained in the plate very much set up, the 
base projecting 6°37 inches from the face of the plate. The projectile near 
the bourrelet was expanded one inch, and there were two longitudinal cracks 
in the body ; the base plug could be easily tuined. 

The estimated penetration of the point was 1o inches. 

A bulge was formed on the face of the plate 16°25 inches in diameter and 
15 inches high, much of the metal about the hole being chipped off. 

A crack extended from No. 3 hole to the bottom of the plate 3°75 inches 
from the right side, which probed from 3 to 4°5 inches deep. A second 
crack extended from No. 4 hole vertically downwards and joined the last. 
Small surface cracks 15 inches long developed from hole No. 3. 

The bulge on the back of the plate was 16 inches in diameter and 2 inches 
high with a star or cracks opening out from the point of the projectile. 

The indent of the backing corresponded in shape to the back bulge, and 
was 12 inches in diameter and one inch deep. 

(See Figs. 72, 737 and 74.) 

Round 13. 


Fifth shot at Bethlehem Iron Company's high-carbon nickel-steel plate. 
Time, 1:27 P. M. 

(un.—Eight-inch B, L. R. 

Projectile.—Firminy armor-piercing shell of 210 pounds. The point of 
impact was the centre of the plate. The projectile entered the plate and 
rebounded apparently intact 25 feet to the front, struck an oak timber, then 
ricocheted 29 feet farther, striking bank and rebounded 8 feet. It was 
shortened 0°12 inch, expanded at bourrelet 0°00 inch, at body o'06 inch, at 
base inch. 

The penetration of the point of the projectile was 16°5 inches. 

A bulge was formed on the face of the plate 20°75 inches in diameter, 
with a regular and curling fringe around hole 2°12 inches high. A wide 
crack radiated from this by No. 1 hole to the top of the plate 12°25 inches 
from the left-side, another through No. 3 hole to the bottom of the plate 
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10°12 inches from its left side, and another to the No. 2 hole, all of which 
extended through the plate. 

The bulge on the back of the plate was 22 inches in diameter and 5°5 
inches high about the ragged hole 4°5 inches wide, made by the point of the 
projectile. 

The indent in the backing corresponded in shape to the back bulge and 
was 15 inches in diameter and 4 inches deep, with the imprint of the point 
of the projectile sharply defined, 5°62 inches deep. 

The entire target structure was set back about an inch, the boits of the 
side plates loosened and one of the backing bolts set back 4°5 inches. The 
top of the plate was sprung away from the backing 0°87 inch. 

When the plate was removed from the backing it held together and all 
the armor bolts but three were easily unscrewed. 

; (See Figs. 8, 9 and 74.) 


A comparison with the Creusot nickel-steel plate tested 
at Annapolis in 1890 is interesting at this point.* 

By comparing Figs. 6 and 7 and Figs. 8, 9 and r4, it will 
be observed that while the Creusot plate developed no cracks, 
the bulges at the back were much larger, the point of the 
eight-inch projectile passing entirely through the body, 
lodging in the plate. (Plate /.) On the other hand the Bethle- 
hem plate, although developing a bad through crack, showed 
more resistance and a remarkable amount of elasticity. 


Round 14. 


Fifth shot at Carnegie, Phipps & Co.’s low-carbon nickel-steel plate. 
Time, 1:38:20 P. M. 

Gun.—Eight-inch B. L. R. 

Projectile.—Firminy armor-piercing shell of 210 pounds. 

The point of impact was the centre of the plate. 

The projectile entered and remained in the plate apparently intact, with 
its base 0°87 inch inside the face of the plate. 

The estimated penetration of the point was 22°08 inches. 

A bulge was formed on the face of the plate 21 inches in diameter, with 
a regular and curling fringe about the hole 1°87 inches high. 

A through crack extended from this to No. 1 hole and thence to the top 
of the plate 10'5 inches from the left side. 

The back of the plate showed, in addition, a through crack from No. 5 
through No. 4 hole to the bottom of the plate, and a very fine crack, not 
through, from No. 5 through No. 2 hole to the upper edge of the plate 1! 
inches from the right corner. 


* The dimensions of this plate were exactly the same as those under consideration, viz: § x 6 
feet x 10% inches. 
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The bulge on the back of the plate was 24 inches in diameter and 65 
inches high about the projectile. 

The indent in the backing corresponded in shape to the back bulge, was 
14inchesin diameter, and the imprint of the point of the projectile was 
10°75 inches deep. 

Five of the backing and one of the armor bolts were started. 

When the plate was removed from the backing it held together and all 
the armor bolts but two were easily unscrewed, 

(See Figs. ro, 77 and 74.) 


It will be noticed that the resistance of the upper part of 
this plate is much less (about half) than the middle and 
lower parts. The probable causes of this peculiarity will be 
discussed further on. 

Round 15. 


Fifth shot at Bethlehem Iron Company’s low-carbon steel Harvey plate. 
Time, 1:46 P. M. 

Gun.—Eight-inch B. L. R. 

Projectile —Firminy armor-piercing shell of 210 pounds. 

The point of impact was the centre of the plate. 

The projectile perforated the plate and remained, apparently intact, in 
the backing, the base 22°25 inches inside the face of the plate. 

The estimated penetration of the point was 43°48 inches. 

A bulge was formed on the face of the plate 22°5 inches in diameter and 
1°25 inches high ; the metal about the hole was chipped off. 

A through crack reached from No. 2 to No. 3, passing through No. 5 hole, 
and all the previous cracks widened and some were much extended. 

The bulge on the back of the plate was 24 inches in diameter and 8°37 
inches about the hole through which the projectile had passed. The back of 
the plate showed in addition the following cracks, which extended partly 
through the plate: One from No. 5 to No. 4 hole, and three from No. 1 hole, 
the first to the top of the plate 13°5 inches from the left side; the second to 
the left side, 10 inches from the top; and the third to No. 5 hole. 

The imprint in the backing corresponded in shape to the back bulge, and 
was 15 inches in diameter. The projectile remained in the backing. 

The backing was split and broken through in wake of the shot. The 
side plates were started away one inch at the top, and several of the backing- 
bolts were driven back. 

When the plate was removed from the backing it held together, and t:n 
of the armor-plate bolts could not be unscrewed. 

(See Figs. 72, 27 and 74.) 


At this point a comparison with Fig. 5, which shows the 
compound Cammell plate tested at Annapolis, 1890, would 
be of interest. 
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In the case of the compound plate we havea hard steel 
face welded to a wrought iron back and in the Bethlehem 
plate a hard steel face produced by a chemical (cementation) 
treatment of the face of a solid steel plate. The properties 
of the two plates are therefore more or less similar inas- 
much as each has a hard steel face, but the vast superiority 
of one over the other is manifest. All the projectiles fer- 
forated the compound plate, whilst none but the eight-inch 
got through the Bethlehem plate. 

The accompanying table shows the comparative resistance 
of the four nickel-steel plates, viz: Creusot (Schneider & Co.), 
Bethlehem, the /ow-carbon, Carnegie, Phipps & Co., and the 
high-carbon, Carnegie, Phipps & Co. The terms high- and 
low-carbon used here are relative, the Creusot plate being 
considered, the author believes, a high-carbon plate. The 
public were informed that “high-carbon” meant about 0-4 
per cent., and “low-carbon” 0°25 per cent., the content of 
nickel varies from 2 to 3°5 per cent. 

The low-carbon plate contained about half as much 
carbon as the high-carbon plate, as will be seen from the 


following analysis of the Carnegie, Phipps & Co. low-carbon 
plate: 


I. 
0°26 
Manganese, 0 789 

Sulphur, 


A comparison of the analysis of the nickel-steel deck 
plate on p. 427, will be of interest at this point. 

It must be understood in comparing the merits of the 
above American plates that these trials were not intended 
to determine which of the two steel works could produce 
the best plate, but to determine what particular kind of plate 
would give the best results under the same conditions, 
Neither company, the author understands, is an advocate 
for any one particular kind of plate, but make whatever the 
Government specify, whether it be high- or low-carbon 
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steel or nickel-steel, Harvey treated or Tresidder treated, 
The accompanying table shows the Bethlehem plate to have 
developed more resistance than the Creusot plate, although 
the latter showed no cracks at the end of the trials. The 
penetrations and back bulges were as regular on one plate 
as on the other, showing the relative resistance of the dif- 
ferent parts of each plate to have been fairly uniform. The 
Carnegie plate showed unmistakable evidences of a compara- 
tive softness at the top where, rather strangely, after the 
fifth shot its only through crack was developed. 

Another point in favor of this Bethlehem plate should be 
taken in consideration. The Bethlehem Iron Company were 
not oniy inexperienced in the manufacture of armor-plates, 
but these Indian Head trials were much more severe on the 
plates than were the Annapolis trials of 1890, while most 
of the conditions were the same, they differed in one very 
important particular, viz: the interval of time between the 
firing of the six-inch and the eight-inch shots. It is well 
known to physicists and engineers that when severe strains 
have been set up in large masses of metal they can be very 
sensibly reduced by allowing the metallic mass to remain 
perfectly quiet and free from strains for a considerable inter- 
valof time. If this theory be correct, and the author has no 
doubt that it is, it would be only reasonable to expect that 
the strains set up by firing a six-inch projectile into each of 
the four corners of a plate would be materially reduced by 
allowing the plate to stand several days before an eight-inch 
projectile was fired into the centre. This was the case at 
the Annapolis trials, when an interval of two days elapsed 
between the firings of the six-inch and eight-inch projectiles. 
At the Indian Head trials, however, this interval was about 
two hours, and the author feels quite certain that the metal 
in the plates had not even reached its normal temperature 
before the eight-inch projectiles were fired. 

The author called attention to this fact (7. ¢., he believes 
it to be a fact) a few days after the first of these trials,* and 
has since had no reason to change his views. 


* The Bulletin Am. Iron and Steel Association, November 11, 1891, p. 329. 
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SECOND DAY, NOVEMBER 14, 1891. 


Weather clear. Thermometer at 9 A. M. 49° F.; at 1 P. M., 69° F. 
Round 1. 
First shot at Carnegie, Phipps & Co.'s high-carbon nickel-steel plate. 
Time, 9:8:30 A. M. 
Gun —Six-inch B. L. R. 


The point of impact was 24 inches from the top and 24 inches from the 
left side of the plate. 


The projectile entered and rebounded 46 feet 6 inches to the front, bury- 
ing itself in the sand. A circumferential hair crack was found near the 
bourrelet and the projectile was shortened o'1 inch and expanded at bourrelet 
inch, at body inch, at base inch. 

The penetration of the point of the projectile was 12°5 inches. 

‘A bulge was formed on the face of the plate 18°5 inches in diameter, with 
a chipped fringe 2 inches high about the shot hole, and a number of radial 
hair cracks in bulge not exceeding 3 inches long. 

The bulge on the back of the plate was 14°5 inches in diameter and 3°56 
inches high about the hole, 2°5 inches wide, which opened out with a star of 
cracks from the point of the projectile. 

The indent in the backing corresponded in shape to the back bulge and 
was 13 inches in diameter and 2°62 inches deep. 

Two of the side-plate bolts were started. 

(See Figs. 75, 76 and 22.) 


Judging from the effect of the projectiles, the amount of 
carbon in this plate must have been much greater than the 
the other two nickel-steel plates. 

By comparing Fig. 6 with Figs. 8 and zo, it will be noted 
that there is an extensive fringe around each of the points 
of impact in Bethlehem and Carnegie, Phipps & Co. low- 
carbon nickel-steel plates, showing the metal to be ductile 
and elastic. The Creusot plate of the Annapolis trials, 
however, resembled the Carnegie, Phipps & Co. high-carbon 
nickel-steel plate under consideration more in this particu- 
lar. The metal, instead of curling up in a regular fringe, 
chipped and flaked off like the excessively hard face of a 
Harvey-treated or compound plate. 


Round 2, 
First shot at Carnegie, Phipps & Co.'s low-carbon nickel-steel Harvey 
plate. Time, 9:18:20 A. M. 
Gua.—Six-inch B, L. R. 
The point of impact was 24 inches from the top and 24 inches from the 
left side of the plate. 
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The projectile entered and remained apparently intact in the plate, the 
base projecting 2°62 inches from the face of the plate, the axis slightly 
inclined from the normal. A very small piece was found broken off from 
the extreme point of the projectile and two flakes were started from the head, 
half-way between the point and the bourrelet, adhering firmly at their rear 
ends. 

The penetration of the projectile was 14°6 inches, the axis slightly inclined 
to the normal. 

A bulge was formed on the face of the plate 18 inches in diameter, with 
a chipped fringe about the projectile 2°37 inches high, and a number of radial 
hair cracks in the bulge not over 4 inches long. 

The bulge on the back of the plate was 21°5 inches in diameter and 4°12 
inches high, with a star of cracks opening from the hole 5°5 inches wide 
through wh‘ch the point of the projectile had passed. 

The indent in the backing was jagged, 4 inches deep at centre and 14 
inches in diameter. A small fragment of the plate adhered thereto. 

One of the side-plate bolts was started. 

(See Figs. 77, 78 and 22.) 


A through crack developed at this point after the fifth 
shot. 

Round 3. 

First shot at Bethlehem Iron Company's high-carbon nickel-steel Harvey 
plate. Time, 9:26:56 A. M. 

Gun.—Six-inch B. L. R. 

The point of impact was 24 inches from the top and 24 inches from the 
left side of the plate. 

The projectile entered the plate, broke into 3 pieces, and rebounded, 
the largest piece being found 45 feet to the front and to feet 6 inches to the 
right. One piece was the point 3 inches long, another, longitudinal, extend- 
ing from the base 7 inches and 5 inches wide; the remaining piece was 
somewhat cracked. The projectile was expanded at bourrelet 0°03 inch. 

The penetration of the point was 12 inches. 

A bulge was formed on the face of the plate 18°25 inches in diameter 
with a chipped fringe about the hole 1°12 inches high, and a number of radial 
hair cracks in the bulge not over 5 inches long. 

The bulge on the back of the plate was 21 inches in diameter, and 2°25 
inches high about the hole 0°25 inch wide, which opened out with a star of 
cracks from the point of the projectile. 

The indent in the backing corresponded in shape to the back bulge and 
was 12 inches in diameter and !°5 inches deep. 

The head of one of the side plate bolts was broken and two others 
loosened, 

(See Figs. 79, 20, 27 and 22.) 
Round 4. 

Second shot at Carnegie, Phipps & Co.’s high-carbon nickel-steel plate. 
Time, 9:38 A. M. 
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Gun.—Six-inch B. L. R. 

The point of impact was 24 inches from the top and 24 inches from the 
right side of the plate. 

The projectile entered the plate, broke into many small pieces and 
rebounded. The head about 1o inches long was recovered, fracture jagged 
and parallel to the bourrelet. 

The penetration of the point was 10°75 inches. 

A bulge was formed on the face of the plate 19°75 inches in diameter 
with a curling fringe, partly chipped off about the hole 1°56 inches high, and 
a few radial hair cracks in the bulge not over 3 inches long. 

The bulge on the back of the plate was 15 inches in diameter, and 1°94 
inches high about the hole 1°25 inches, which opened out with a star of 
cracks from the point of the projectile. Three large pieces of the bulge were 
broken off. 

The indent in the backing corresponded in shape to the back bulge and 
was 12 inches in diameter and 1°62 inches deep. A fragment of the plate 
9g X 4.x 2°5 inches adhered to the backing. 

(See Figs. 75, 76 and 22.) 

Round §. 


Second shot at Carnegie, Phipps & Co.'s low-carbon nickel-steel Harvey 
plate. Time, 9:41:15 A. M. 

Gun.—Six-inch B. L. R. 

The point of impact was 24 inches from the top and 24 inches from the 
right side of the plate. 

The projectile entered and remained apparently intact in the plate, the 
base projecting 2°44 inches from the face of the plate, the axis slightly 
inclined to the normal. 

The estimated penetration of the point was 14°86 inches. 

A bulge was formed on the face of the plate 15 5 inches in diameter, 
with a ragged fringe about the hole 2 inches high and a number of radial 
hair cracks in the bulge not over 4 inches long. 

A bulge on the back of the plate was 22 inches in diameter and 4°75 
inches high about the hole 5°12 inches wide, which opened out with a 
star of deep cracks from the point of the projectile. 

The indent in the backing was jagged, corresponding in shape to the 
back bulge, 11 inches in diameter and 4 inches deep. The course of the 
backing next to the plate was split between shot holes No. 1 and No. 2. 

One of the side plate bolts was started. 

(See Figs. 77, 18 and 22.) 

Round 6, 


Second shot at Bethlehem Iron Company's high-carbon nickel-steel 
Harvey plate. Time, 9:48:40 A. M. 

Gua.—Six-inch B. L. R. 

The point of impact was 24 inches from the top and 24 inches from the 
right side of the plate. 
The point of the projectile entered and remained in the plate, presenting 
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an appearance of being welded therein, the end of the chamber o'5 inch 
outside of the plate; the body and base were broken into many small 
fragments, none of which were recovered. 

The estimated penetration of the point was 6°82 inches. 

A bulge was formed on the face of the plate 12°75 inches in diameter. 
Near the head of the projectile the metal of the plate was dished in and 
scarcely distinguishable from that of the projectile remaining in the plate. 
A few short radial hair cracks were in the bulge. 

The bulge on the back of the plate was nearly imperceptible, but was 
found to be 18 inches in diameter and 0°25 inch high. 

No cracks. 

There was a discoloration of the backing opposite the back bulge but no 
indent. 

A head of one of the side plate bolts was broken. 

(See Figs. 79, 20, 21 and 22.) 

Round 7. 


Third shot at Carnegie, Phipps & Co.'s high-carbon nickel-steel plate. 
Time, 9:55:40 A. M. 

Gun.—Six-inch B. L. R. 

The point of impact was 24 inches from the bottom and 24 inches from 
the left side of the plate. 

The projectile entered the plate aad rebounded, broken into several large 
and a number of small pieces; some of the former recovered, among which 
was half of the head, which had been split longitudinally. 

The penetration of the point was 12 inches. 

A bulge was formed on the face of the plate 19°25 inches in diameter, 
with an irregular curling fringe partly chipped off about the hole 1°75 inches 
high, and a few radial hair cracks in the bulge. 

A through crack extended from this hole to the bottom of the plate 28°75 
inches from the left lower corner, which was sprung out about o's inch. 

The bulge on the back of the plate was 16 inches in diameter and 2°37 
inches high about the hole 2 inches wide, which opened out with a star of 
cracks from the point of the projectile ; about half of the bulge was broken 
out to a depth of about 1°5 inches. 

The indent in the backing corresponded in shape to the back bulge and 
was 12 inches in diameter and 2°5 inches deep. One small fragment of the 
plate was imbedded in the backing. 

(See Figs. 15, 76 and 22.) 

Round 


Third shot at Carnegie, Phipps & Co.’s low-carbon nickel-steel Harvey 
plate. Time, 10:2:15 A. M. 

Gun,.—Six-inch L. R. 

The point of impact was 24 inches from the bottom and 24 inches from 
the left side of the plate. 

The projectile entered the plate and rebounded to the front 12 feet 6 
inches, and thence ricocheted 35 feet 2 inches beyond. It was considerably 
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upset, being shortened 2'09 inches and expanded at the bourrelet 0°86 inch, 
at the body 0°58 inch, and at the base oro inch. A number of small thin 
pieces flaked off the head. 

The penetration of the point was 9°75 inches. 

A bulge was formed on the face of the plate 16°75 inches with an irregular, 
ragged, curling fringe 2°25 inches high about the hole and a number of 
radial hair cracks in the bulge not over 4 inches long. 

The bulge on the back of the plate was 19°5 inches in diameter and 
1°81 inches high about the hole 1°25 inches wide,which opened out with a star 
of cracks from the point of the projectile. 

The indent in the backing corresponded in shape to the back bulge, and 
was 11 inches in diameter and 1°37 inches deep. 

(See Figs. 77, 78 and 22.) 

Round 9. 


Third shot at Bethlehem Iron Company's high-carbon nickel-steel 
Harvey plate. Time, to:9:30 A. M. 

Gun.—Six-inch B. L. R. 

The point of impact was 24 inches from the bottom and 24 inches from 
the left side of the plate. 

The projectile entered the plate and rebounded 37 feet 10 inches to the 
front and thence ricocheted Ig feet farther. The projectile was unbroken, 
but there was a longitudinal crack from bourrelet to band score. It was 
shortened o'14 inch and expanded at bourrelet o'ors5 inch, at body o'o5 
inch, at base o’or inch. 

The penetration of the point was 12°25 inches. 

A bulge was formed on the face of the plate 18 inches in diameter, with 
an irregular chipped fringe about the hole 1°5 inches high, and a number of 
radial hair cracks in the bulge not over 5 inches long. There were also 
three deeper radial cracks—two 6 inches, and one 5°5 inches long. 

The bulge on the back of the plate was 15°25 inches in diameter and 2°12 
inches high near the hole one inch wide which opened out with a star of 
racks from the point of the projectile. 

The indent in the backing corresponded in shape to the back bulge and 
was 12 inches in diameter and 1°25 inches deep. 

One of the backing bolts was started back 1°5 inches. 

(See Figs. 19, 20, 27 and 22.) 

Round so. 


Fourth shot at Carnegie, Phipps & Co.'s high-carbon nickel-steel plate. 
me, 10:16:50 A. M. 

Gun—Six-inch B. L. R. 

The point of impact was 24 inches from the bottom and 24 inches from 

he right side of the plate. 

The projectile entered the plate and rebounded 47 feet 10 inches to the 
front; in it were two longitudinal cracks, one from the bourrelet to the base 
apparently a through crack, and the other extending from the bourrelet to 
the band score. 
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The projectile was shortened o'11 inch and expanded at the bourrelet 0°03 
inch, at the body o’08 inch, and at the Sase o’o2 inch. 

The penetration of the point was 11°87 inches. 

A bulge was formed on the face of the plate 1} inches in diameter with a 
curling fringe about the hole, partly chipped off, 1°87 inches high, and several 
radial hair cracks in the bulge not over 3 inches long. 

One through crack extended from this through No. 3 hole to the side of 
the plate, 35°5 inches from the left lower corner, and the one mentioned in 
round 7 was slightly opened. 

The bulge on the back of the plate was 20 inches in diameter and 2°87 
inches high around the hole, 2°65 inches wide, opening out with a star of 
cracks from the point of the projectile. 

The indent in. the backing corresponded in shape to the back bulge and 
was I! inches in diameter and 2 inches deep, with a small fragment of the 
plate sticking therein. 

Both of the Jugs of the bottom clamp holding the side plates were cracked. 

(See Figs. 75, 76 and 22.) 

Round 171. 


Fourth shot at Carnegie, Phipps & Co.'s low-carbon nickel-steel Harvey 
plate. Time, 10:23:17 A. M. 

Gun.—Six-inch B, L. R. 

The point of impact was 24 inches from the bottom and 24 inches from 
the right side of the plate. 

The projectile entered and remained apparently intact in the plate, with 
the base 3°3 inches inside the face. 

The penetration of the projectile was 20°5 inches. 

A bulge was formed on the face of the plate 16°5 inchesin diameter, with 
a broken curling fringe about the hole 2 inches high and a few radial hair 
cracks in the bulge about 3 inches in length. 

The bulge on the back of the plate was 18 inches in diameter and 4°62 
inches high about the projectile, with a star of cracks extending therefrom. 

The indent on the backing was a jagged hole 12 inches in diameter corre- 
sponding to the back bulge, with the imprint of the point of the projectile 
10 inches deep and two small fragments of the plate sticking therein. 

(See Figs. 77, 78 and 22.) 

Round 12. 


Fourth shot at Bethlehem Iron Company's high-carbon nickel-steel plate. 
Time, 10:30:12 A. M. 

Gun,.—Six-inch B. L, R. 

The point of impact was 24 inches from the bottom and 24 inches 
from the right side of the plate. 

The point of the projectile entered and remained in the plate, presenting 
an appearance of being welded therein, the end of the chamber being level 
the face of the plate. The base and body of the projectile were broken into 
many small fragments. 

The estimated penetration of the point was 7°32 inches. 
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A bulge was formed on the face of the plate 13°75 inches in diameter. 
Near the head of the projectile the metal of the plate was dished in and 
scarcely distinguishable from that of the projectile remaining in the plate. A 
few radial hair cracks were in the bulge, of varying lengths, none over 6 
inches, and a few pieces of metal were scaled off in the bulge. 

The bulge on the back of the plate was nearly imperceptible, but was 
found to be 17 inches in diameter and 0°31 inch high. 

No cracks. 


Fic. 21.—Harvey high-carbon nickel-steel, Bethlehem. 


There was a discoloration of the backing opposite the back bulge, but no 
indent. 
(See Figs. 79, 20, 27 and 22.) 
Round 13. 


Fifth shot at Carnegie, Phipps & Co.'s high-carbon nickel-steel plate. 
Time, 12.9:48 P. M. 

Gun.—Eight-inch B. L. R. 

Projectile —Eight-inch Carpenter armor-piercing shell of 250 pounds. 

The point of impact was the centre of the plate. 

The projectile entered and rebounded 6 feet 3 inches to the front, very 
much set up and cracked. The cracks were generally longitudinal, and 
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many thin pieces flaked off from the head. The projectile was very hot and 
was still warm an hour after. It was shortened 3°58 inches, and expanded 
at bourrelet 1°65 inches, at the body 0’g7 inch, at the base 0°28 inch. 

The penetration of the point was 9°62 inches. 

A bulge was formed on the face of the plate 20 inches in diameter, with 
an irregular fringe about the hole 1°75 inches high and a few radial hair 
cracks in the bulge. 

A through crack extended from the No, 3 through No. 5 and No, 2 holes 
to the right side of the plate, 7 inches from the top, and those developed at 
No. 3 and No. 4 shots were somewhat opened. 

In addition to the through cracks on the face of the plate, the following, 
extending nearly through the plate, were found on the back: One from No. 
5 through No. 1 hole to the top of the plate, 15°5 inches from the left upper 
corner, and one from No. 4 hole to the right side of the plate 18 inches 
from the right lower corner. 

The bulge on the back of the plate was 25 inches in diameter and 1°56 
inches high, about the hole 1°25 inches wide, which opened out with a star of 
cracks from the point of the projectile. 

The indent in the backing corresponded to the back bulge and was 13 
inches in diameter and one inch deep. 

The middle armor bolt of the second row from the bottom was broken at 
the plate and thrown 2 feet to the rear ; both of the lugs of the bottom clamp 
for the side plates were broken. The backing structure was set back o'5 
inch, and the course of backing next to the plate was split. 

When the plate was removed from the backing the left lower corner sep- 
arated from the remainder of the plate. The armor bolt above No. 5 hole 
stuck in the plate ; the one below it was broken off flush with the back of the 
plate; the remaining bolts were easily unscrewed. 

The top of the plate was after the firing sprung 0°25 of an inch away from 
the backing. 

(See Figs, 75, 76 and 22.) 


This was the first time American projectiles were used 
at these trials, and it must in truth be admitted they were 
not up to the standard. Any one familiar with the subject 
knows how difficult it is to make an efficient a. p. projectile, 
and it can hardly be expected that the Carpenter Steel 
Company, having so recently domesticated the Firminy 
process at their works at Reading, Pa., could produce, with 
such a short experience, results as good as those produced 
abroad after years of trial and experiment. 

The fact the projectile was so hot after striking the 
plate, shows very conclusively that a very large proportion 
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of the work was expended upon it instead of the plate, as 
should be the case with the best projectiles. 


Round 14. 


Fifth shot at Carnegie, Phipps & Co.’s low-carbon nickel-steel Harvey 
plate, Time, 12:19:50 P. M. 

Gun.—Eight-inch B. L. R. 

Projectile. —Eight-inch Carpenter armor-piercing shell of 250 pounds. 

The point of impact was the centre of the plate. 

The projectile entered the plate, rebounded 33 feet to the front, broke into 
several pieces, the head being thrown 22 feet 10 inches to the front, and the 
body 33 feetto the right. The extreme point of the head was bruised and a 
piece chipped off. 

The penetration of the point of the projectile was 17°25 inches. 

A bulge was formed on the surface of the plate 18°5 inches in diameter, 
with an irregular broken fringe about the hole 2°5 inches high, anda few 
radial hair cracks in the bulge. 

Through cracks extended from hole No. 5 through No.1 to the top of 
the plate, 6°75 inches from the left upper corner; and through No. 3 to the 
bottom of the plate, 11 inches from the left lower corner; a deep crack 
extended from No. 5 to No 2 hole. 

In addition to the through cracks on the face of the plate a crack reach- 
ing nearly through the plate extended on the back from No. 5 through No. 
4 hole to the bottom of the plate, 14°25 inches from the right lower corner. 

The bulge on the back of the plate was 26 inches in diameter and 6°75 
inches high at the hole, 5°5 inches wide, which opened out with a star of 
cracks from the point of the projectile. 

There was a jagged depression in the backing 16 inches in diameter and 
5°5 inches deep, with a small fragment of the metal sticking therein. The 
course of the backing next to the plate was split in the line of the upper 
backing-bolts. 

When the plate was removed from the backing it held together, and the 
bolts were easily unscrewed, excepting the one above and the one below No. 
5 hole. 

The top of the plate was, after the firing, sprung 0°25 inch away from the 
backing. 

(See Figs. 77, 78 and 22.) 

Round 15. 


Fifth shot at Bethlehem Iron Company's high-carbon nickel-steel Harvey 
plate. Time, 12:37:33 P. M. 

Gun.—Eight-inch B. L. R. 

Projectile.—Eight-inch Firminy armor-piercing shell of 210 pounds. 

The point of impact was the eentre of the plate. 

The projectile entered the plate and rebounded to the front 38 feet, then 
ricocheted violently against the timber protection of the gun, rebounding 
therefrom 6 feet. The projecti'e cracked Icngitudinally and flaked consider- 
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1G. 22.—Targets after Round 15. (Second day, November 14, 1891.) 
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ably at the rear of the head. On the body of the shell was a score which 
extended around the projectile at the section of a plane inclined to the axis 
This score could have been formed by a rotary motion against a hard 
point, combined with a movement forward and back, and possibly was so 
done by the rotation of the projectile on entering and rebounding from the 
plate. The projectile was shortened 1°36 inches, and expanded at the bourrelet 
0'31 inch, at the body 0°41 inch, at the base 003 inch. 

The penetration of the point was 12°87 inches. 

A bulge was formed on the face of the plate 17 inches in diameter, with 
the fringe around the hole chipped off and nowhere higher than o’94 inch, 
and a number of radial hair cracks in the bulge, none over 7 inches long. 

A through crack extended through hole No. 1 to the top of the plate 14 
inches from the left upper corner, and another through hole No. 3 to the bot- 
tom of the plate 17°5 inches from the left lower corner. 

The bulge on the back of the plate was 23 inches in diameter and 2°62 
i inches high about a hole o’5 inch wide which opened out with a star of cracks 
| from the point of the projectile. 

The indent in the backing corresponded to the back bulge and was 15 
inches in diameter and 2 inches deep. 

The course of backing next to the plate was split in line of backing bolts. 

Hi The lugs of the lower side-plate clamp were cracked and the left side plate 
was moved 0°25 inch to the left. 

ai: When the plate was removed from the backing it held together, and al! 

the bolts were easily unscrewed excepting four, one above and one below 

| No. 5 hole, and one at upper and one at lower left corner. 


(See Figs. 79, 20, 27 and 22.) 


SUMMARY. 


After careful consideration of the results of the firing upon the six plates, 
& it is the unanimous decision of the Boardthat they be placed in the following 

order of merit, viz: 

FF (1) The high-carbon nickel-steel Harvey plate furnished by the Bethlehem 

Iron Company. 

— (2) The high-carbon nickel-steel plate furnished by the Bethlehem Iron 

Company. 

oe (3) The high-carbon nickel-steel plate furnished by Carnegie, Phipps & 

4 Co. 

(4) The low-carbon nickel-steel Harvey plate furnished by Carnegie, 

Phipps & Co. 


(5) The low-carbon nickel-steel plate furnished by Carnegie, Phipps & 


Co. 
s (6) The low-carbon steel Harvey plate furnished by the Bethlehem Iron 
Company. 
/ ne i The right side of the plate No. 1 showed very remarkable qualities. The 
i 


two projectiles which struck that side penetrated not more than 7 inches, the 
é head remaining in the plate completely filling the hole, and with the appear- 
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( Garrison, ) 


NICKEL-STEEL PLATES 


PENETRATION OF Point 1n INCHES. at Back. 


Name or Puiare. No. of Six-inch Projectiles. 8-inch. No of Six-inch Projectiles. Eight-inch 


Creusot nickel-steel (Arna- 


13°73 13°75 12°75 14°25 20°0 and and and and 
polis trials, 1890), 21 inches diameter. 21 inches diameter. | 19 inches diameter. 18 inches diameter. 21 inches diameter. 
Bethlehem nickel-steel plate, 1'75 inches high 212 inches high 2°75 inches high 1°62 inches high 5’5 inches high 
13°25 10°07 12°75 10°37 16'50 and and an an and 
high-carbon, 16°5 inches diameter. 17 inches diameter. 15 inches diameter. 15 inches diameter. 22 inches diameter 
Carnegie, Phipps & Co., 4°87 inches high 4°5 inches high 4°25 inches high 2°87 inches high 6°5 inches high 
nickel-steel plate, low- 26°53 26°33 14°60 13°19 22°08 and and and and and 
carbon, 16"5 inches diameter. 17 inches diameter. | 17 inches diameter. 18 inches diameter. 24 inches diameter. 
Carnegie, Phipps & Co., 3°56 wehes high 1°94 inches high 2°37 inches high 2°87 inches high 1°56 inches high 
nickel-steel plate, high-  _12°5 10°75 12°0 11°87 9°62* and and and and and 


carbon, 


First. Second. Third. Fourth. Fifth. 


* Carpenter a. p. projectile, 


First. 


5 inches high 


Second 


6 inches high 


14°5 inches diameter, 15 inches diameter, 


Third. 


4 inches high 


16 inches diameter. 


STEEL AND NICKEL-STEEL PLATES—Trearepv sy Harvey Process. 


NAME oF PLATR, 


First. Second. Third. Fourth. Fifth. 
Bethlehem low-carbon steel, 2 inches high 1 62 inches high 3°5 inches high 2 inches high Projectile through 
10°07 9°7 26°96 | 10° 43°48* and and and and hole, 
Harvey plate, 16 inches diameter, | 18 inches diameter, | 18 inches diameter. 16 inches diameter. 24 inches diameter. 
Carnegie, Phipps & Co ,low- | | 4°12 inches high 4°75 inches high 1°81 inches high 4°62 inches high 6°75 inches high 
carbon, wmickel- steed, 14°6 14°86 9°75 | | 17°25t and and and an and 
Harvey plate, 2t‘s5 inches diameter. 22 inches diameter. 19°5 inches diameter. 18 inches diameter. 26 inches diameter. 
Bethlehem _ high - carbon, | | 2°25 inches high o*25 inch high a°t2 inches high © 31 inch high 2°62 inches high 
mickel- steel, Warvey| 12° | 6°82 | 12°25 7°32 | 12°87 and and and and and 


plate, 


PeNETRATION OF PotnT INCHES. 
No. of Six-inch Projectiles. 8-inch. 


First. | Second. Third. Fourth, Fifth 


* Firminy a. p. shell (210 pounds). 

} Carpenter a. p. shell (250 pounds). 

{ Firminy a. p. shell (210 pounds). 

All the six-inch shells, Holtzer a. p. chrome 


Fourth. 


4 inches high 


20 inches diameter, 


at Back, 


No of Six-inch Projectiles. 


21 inches diameter. 


18 inches diameter. 15°25 inches diameter 17 inches diameter. 


Fifth. 


A crater formed 


25 inches diameter. 


Eight-inch 


23 inches diameter. 
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ance of having been welded to the surrounding metal, while the body was 
shattered into many fragments 

No cracks were made on that side of the plate. 

The back of the plate on that side showed no disturbance except a hardly 
noticeable swelling on the surface. 

It is to be noted that the upper part of plate No. 6 (Harveyed) showed 
qualities resembling those of the right side of No. 1, while, on the other 
hand, plate No. 4 (likewise Harveyed) was totally lacking in such character- 
istics.* 

Plate No. 2 showed a great degree of uniformity as well as resistance to 
penetration. 

The small penetration of the eight-inch shot in plate No. 3 is, in the opin- 
ion of the Board, due to the excessive upsetting of the projectile. 

All of the armor-plates were more or less cracked through, but only two, 
Nos. 3 and 6, badly, and these two plates alone showed cracking before the 
fifth shot. Plates Nos. 1, 2 and 3 kept out all the projectiles; No 4 was per- 
forated by one, and Nos. 5 and 6 by two projectiles each. 

“It will be noticed that the “high carbon” plates show better results than 
those of ‘‘ low-carbon,”’ but it is believed that the chemical anaylsis of the 
plates now in progress will show that the words “high"™ and “low,” 
emploved by the manufacturers, have been used arbitrarily and have but 
little value for purposes of comparison. 

The Holtzer and Firminy projectiles were part of the lot used at the Ann- 
apolis armor trials of last year. 

Comparing the plates of this trial with the Creusot steel and the Creusot 
nickel-steel plates of the Annapolis trials of September, 1890, the Board is 
of the unanimous opinion that— 

No. 1, the high-carbon nicke'-steel Harvey plate furnished by the Beth- 
lehem Iron Company, and 

No, 2, the high-carbon nickel-steel plate furnished by the Bethlehem Iron 
Company, are superior to the Creusot steel and nickel-steel plates of last year. 


The following tables show the relative penetrations of 
the projectiles in the nickel-steel plates and in the several 
plates treated by the Harvey process. 

In accompanying Plates / and //, we have these penetra- 
tions graphically illustrated. The penetrations in the 
Creusot nickel-steel plate of the Annapolis trials of 1890 are 
included. 


[Zo be continued | 


* The method of tempering at Bethlehem differed from that at Pittsburgh. 
|Note by Department authority. } 
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EYESIGHT, In MIDDLE LIFE anp OLD AGE, wirH a 
FEW HINTS For tts CARE anpD PRESERVATION. 


By L. Wesster Fox, M.D. 


[A lecture delivered before the Franklin Institute.) 
MEMBERS OF THE INSTITUTE, LADIES AND GENTLEMEN: 


Little more than a year ago I had the honor of appearing 
before the members of the Franklin Institute and their 
friends, to lecture on a subject of great importance to the 
growing child and youth. 

The widespread interest which this lecture created not 
only in this country but abroad, its republication in scien- 
tific and abstracts from it by medical journals, has led me to 
think that that lecture has not been without its good 
results. 

In that lecture I dealt with the care of vision during 
infancy and led up to adult life. Having considered these 
two periods and called attention to whatever may prove 
either injurious or beneficial to the eye, I now take up the 
thread of my discourse, and continue it up to old age. 

If the eye of man has escaped the vicissitudes of youth, 
we find it at its best at about twenty years of age. Let the 
boy be brought up strong in mind and with a clear intellect, 
so that when he enters his twenty-first year he will have the 
physique to carry him through the life work which lies 
before him. 

In this day of telegraphy, shorthand and specialism, 
man has much labor both mentally and physically to per- 
form, and we must always remember that ‘tis through the 
eye that the greater part of this labor is accomplished. 

It is bound to excite astonishment at the wonderful labor- 
performing functions of an eye when we think of what can 
be done. The expenditure of eyesight means also the neces- 
sity of recuperation of the functions of the eye. If these 
functions are blunted by some toxic drug, the vision must 
necessarily become weakened and in some _ instances 
destroyed. 
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“Habit,” says Schiller, “is the nurse of man.” If boys 
bring with them up to the entrance of manhood habits which 
are pernicious, what a serious outlook for the lasting quali- 
ties of that individual who requires immense expenditure of 
nervous energy and eyesight between manhood and old age, 
or between twenty and sixty. 

Some of you may remember that I closed my last lecture 
by suggesting some hints on the care of vision, and called 
attention to the habit of smoking, particularly. Tobacco 
and alcohol are the two most prominent agents which not 
only pervert but also destroy special senses, and of which 
men of this age too freely indulge, especially in social life. 
How guarded should the young man be that he does not fall 
into habits which cling to him through life like a leech ! 

It is a well authenticated fact that boys who have indulged 
in the use of tobacco are not mentally and physically as 
strong as those who abstain; not only have medical men 
recognized the tendency to a depression of the vital force 
in boys and young men who are constant users of tobacco, 
but athletic trainers will never select their boats’ crew from 
such ranks. 

These men know that tobacco weakens the heart. It is 
the same with foot-ball teams, or tug-of-war men; they may 
be giants of strength, but when the final test comes, that 
subtle fluid flying through their nerves with lightning-like 
rapidity, is suddenly snapped; collapse and defeat follow. 

When such facts are known to non-medical men, no 
wonder that twenty-nine States have passed laws forbidding 
the sale of tobacco to boys. 

I do not wish in a public lecture of this kind to speak of 
a great benefactor, but I must say that if any one man 
deserves the thanks of a generation, it is John H. Fow, 
of this city, for bringing about the law prohibiting the sale 
of cigarettes to boys. 

The excessive use of tobacco not only weakens the 
muscles of the eye, but alsc produces a lowering of the 
acuity of vision and a form of color-blindness. I can recall 
an instance of this peculiar form of blindness. 

Prof. Chisolm, of Baltimore, some years ago had a 
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patient, a planter’s wife from one of the Southern States, 
consult him for defective vision, and who was also blind to 
certain colors. Prof. Chisolm, after making an exami- 
nation with the ophthalmoscope, and who up to this stage 
of the examination had not asked her anything as to 
personal habits, turned to her and said, “If you were a man 
I should pronounce your case one of tobacco amblyopia, or 
color-blindness due to excessive use of tobacco.” The lady, 
completely surprised at the keenness of the observation, 
confessed that she was an excessive smoker; she and her 
husband lived alone in a retired part of the country, and in 
the evening after dinner she would light her husband's 
pipe, at first taking but one whiff; as time went on she 
would increase the number of whiffs, until she gradually 
became addicted to the use of tobacco. 

How often we hear of the sudden deaths of young men 
or individuals in the prime of life! Could we read between 
the lines, or in other words dissect that nervous system, we 
might read there, or find the evidence of over-indulgence in 
tobacco. 

Dr. Martin, of Manchester, writes: ‘“ The injurious effects 
of smoking may not, except under very careful testing, 
become apparent for years. In many cases it may be diffi. 
cult to prove that certain diseased conditions are chiefly or 
wholly attributable to smoking, but where our knowledge 
of disease processes is very exact, and especially where we 
have undoubted methods of testing the symptoms pre- 
sented, the proof of the adverse action of a particular 
agent may be proved beyond doubt.” 

With smoking, I class the chewing of tobacco as a very 
grave evil. The filthy habit which compels street-car 
companies to exhibit placards in their cars prohibiting 
spitting, speaks in words stronger than I can use. It isa 
disgrace to American manhood that such a recourse had to 
be taken. 

We read that Prof. Pfeiffer has discovered the bacillus of 
influenza in sputum. Is it surprising that influenza exists 
in this city when every street pavement or public building 
is one large cuspidore ? 
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Let any one take a walk down Broad Street on a Sunday 
afternoon, or pass through the archways of our Public 
Buildings, and it makes one wish that we had a law pro- 
hibiting the sale and use of chewing tobacco and expecto- 
rating in public places. The chewing of tobacco as an 
indirect destroyer to vision ranks second to smoking, and 
every boy should be severely punished for using it. 

One thing to which attention has been recently called is 
that the women of this generation are proportionately larger 
than men. if such is the fact may it not be due to women 
abstaining from the use of tobacco ? 

Large sums of money are voted and many laws passed 
for all kinds of sanitary precautions; medical colleges vie 
with each other in selecting the ablest and best instructors 
to guide medical students towards becoming the keen guar- 
diansof the public health, but what does it avail when these 
patent evils remain unfettered! Do not misunderstand my 
imputations against the use of tobacco; a large gulf lies 
between the use and abuse of the fragrant weed. Men who 
have gone through a certain amount of mental strain are 
the better for smoking one, two or three cigars daily; they 
have a soothing effect upon the over-wrought nervous sys- 
tem, and smoking brushes away the cobwebs and makes 
man a more sociable creature. Any excessive indulgence 
in smoking is sure to produce evil results, but the chewing 
of tobacco must be condemned at all times. 

Another source of injury to vision is the excessive use of 
alcohol in whatever form it is taken into the system. The 
drinking of beer or wine acts in a deleterious manner upon 
that part of the eye called the crystalline lens. 

Excessive wine and beer drinkers are very prone to have 
cataracts before they have passed the forty-fifth mile-post in 
their lives, while whiskey drinkers are subject to affections 
of the retina and optic nerve. 

There are also certain drugs which produce a bad effect 
on vision. It is said that Americans are fast becoming a 
quinine-eating people. Ido not wish for a moment to speak 
against any drug so important to the pharmacopeeia, but I 
must enter my protest as an ophthalmic surgeon to the 
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indiscriminate use and abuse of this valuable therapeutic 
agent. 

I am sure that certain intraocular affections may be 
traced to the abuse of this drug. _I have in my possession 
the notes of several cases where blindness was directly 
traced to excessive doses taken at short intervals. 

One of these patients had a very sad ending. This man 
spent several months in the Valley of the Amazon, and 
while there contracted ague. To break up the severe attacks 
of chills and fever, he was obliged to literally feed upon 
quinine. He continued this treatment until his eyesight 
began to fail, when, upon his return to this country, he con- 
sulted me about his blindness, but was already beyond 
ophthalmic aid. I could continue this chapter on the abuse 
of this invaluable drug, but I must pass on. Other drugs 
which are also injurous to eyesight are chloral, opium 
and the bromides. 

Cosmetics which are placed in the eye to heighten its 
lustre should be avoided, as they are always dangerous; eye 
balms of all kinds should be avoided, especially if the ingre- 
dients are rich in the proportions of lead. 

The same observations are applicable to the dyeing of the 
hair and eyebrows. 

There is a case on record where a diminution of vision 
has been traced to the wearing of an artificial wreath of 
flowers. 

In ancient Greece amd Rome, the business of painting 
the skin was a work of art, and ladies of wealth and fashion 
kept female slaves for the express purpose, but their paints 
consisted for the most part of the less injurious materials 
procured from the vegetable or animal kingdoms. 

Another source of failing vision may be traced to 
impeded circulation. The wearing of tight neckwear, such 
as collars which are too small or shirt bands or neckties 
tightly drawn should be avoided, this prevents the down- 
ward column of blood returning to the heart; the blood 
being retarded is dammed up in the capillary blood vessels, 
the heart driving against this volume of blood is sure to 
cause dilatation of them and certain diseases develop. We 
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are almost sure to have fulness of the head or headache 
following. To say the least, the equilibrium of the circula- 
tion is destroyed. 

The same rules hold good to constriction of other parts 
of the body. 

A subject which is commanding some attention is, “Are 
type-writing machines injurious to vision ?” The individuals 
who find the most trouble with their vision are those who 
are students at this new calling. Close attention and con- 
centration of vision is necessary to produce accurate copy. 
After one becomes so thoroughly proficient in manipulating 
the keys that he acts automatically, much relief is given to 
the eyes, but until this is accomplished, a great many, 
especially young girls, suffer from eye strain. 

I have given this matter considerable attention for a long 
time, and I am constantly consulted by individuals who 
earn a livelihood by working at such machines six to eight 
hours daily and in some cases longer, and I find that the 
arrangement of keys has much to do with those afflicted’ 
with ocular disorders, for they who wrote on machines 
having circular key-tips almost always had eye trouble. 

Among the many patients who have consulted me, I 
quote from one who has been using various machines now 
on the market; his language is as follows: 

“In considering the various type-writing machines now 
in use, and the effect they have on the eyesight of those 
using them, I will make use of but three; namely, the 
Remington, Caligraph and Hammond, as these are the 
leading machines and the ones most in use. 

“The key-board of the Remington machine contains 
thirty-eight keys, circular in form, with the letters printed 
on white paper covered with glass. On account of their 
arrangement, shape, size and color, they are very confusing, 
having a tendency to run together. 

“The Caligraph has this same fault in a much more 
aggravated form, from the fact of its having a larger num- 
ber of keys, thus tending to add to the confusion or running 
tendency which a multiplicity of keys produces. 

“The Hammond has its key-board arranged in the form 
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of a semi-circle, each key being made of ebony wood and 


‘ shaped somewhat like a piano key, with the letter cut on 


them and filled with white enamel. The thirty keys repre- 
sent, collectively, ninety characters, having fewer keys and 
more characters than any other machine, and yet the keys are 
made of such material, color and shape that they do not 
tire the eyes in using them.” 

This patient has been using type-writing machines 
almost constantly for the past five years; during the first 
two years he used a machine with round finger tips or 
keys, and he always experienced a burning sensation in the 
eyes as if small particles of sand had lodged under the lids; 
the smaller blood vessels looked congested and these symp- 
toms became so aggravated that he consulted my assistant 
(I being in Europe at the time), to see if something could 
be done to relieve him from his misery. He couid not read 
at night after working through the day. Prior to using 
this machine he had had no eye trouble of any kind. My 
assistant, who made a careful examination, found that he 
had no visual defect. He exchanged his type-writing 
machine, and after three years’ constant use he has had no 
further trouble with his eyes. 

Another patient, who has had a somewhat similar expe- 
rience, tells me that while she has never used the Ideal 
Hammond, the black keys of the Caligraph are less hurtful 
to her eyes than the white keys of other machines. 

Before a writer becomes so proficient that he can per- 
form his work automatically, his eye strain must be enor- 
mous. If any visual defect exists I prescribe the proper 
glasses, and if round finger tips or keys are used I advise a 
change to be made to machines having rectangular keys, 
which I find are the least hurtful to the eyes. 

Another source of eye strain is produced by constant 
reading in railway carriages. I have often been impressed 
by the avidity of passengers seizing their morning paper 
and devouring column after column to and from their places 
of destination. On account of the oscillating movements of 
the car the paper is held inside the proper reading distance; 
this is done to get a largerimage of the reading matter, but 
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in doing so the muscles of accommodation as well as the 
converging muscles are kept on a severe strain. 

These same men pass rapidly from station to their places 
of business, neither looking to the right nor left of them, 
but with thought intent and fixed gaze they still hold these 
muscles with a strong grip; all day at business the same, 
and a repetition of the morning’s work upon the train home- 
ward bound at night, and so for ten or twelve hours those 
patient eyes are forced to work, which keeps up the strain, 
and on account of the tension more blood is brought to the 
parts, which in a short time produces failing sight and 
chronic congestion of the eyelids and eyeballs. 

We must not forget that a certain amount of recreation 
is not only conducive to good health, but is absolutely 
necessary to preserve the same. Men who are constantly 
employed either at reading, drawing, adding up columns of 
figures or near work of any kind, should take short intervals 
of eye rest, especially those working upon white or glazed 
paper, wood-engravers or etchers. Nothing gives such eyes 
greater relief than a green disc or square of sufficient size, 
suspended on a direct line of vision at or against a wall on 
which the eyes can rest; but best of all if that individual 
can look upon a green grass plot or green trees. 

School-rooms, instead of having blank walls, would be 
a source of great comfort to the overtaxed eyes of children 
if they were decorated with pastoral scenes, or any picture 
representing long distances. 

Since the above was written, I have had an interview 
with Mr. Paul Kavanagh, Chairman of Public School prop- 
erty of this city, and he tells me that this idea has in a mea- 
sure been adopted in the F. M. Drexel School, Sixteenth 
and Moore Streets. The walls are not only decorated with 
maps, but also with pictures of animals inhabiting certain 
portions of the globe. For instance, the map of Africa show- 
ing the black race, also that it is the land of the elephant, etc. 

These drawings or pictures not only make school-rooms 
attractive, but what is more important, give the eyes a rest, 
while these same pictures are another means in the develop- 
ment of the minds of the smaller children by object lessons. 
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One of the most prominent and popular professors* in 
the Boys’ High School, who speaks with an: experience of 
twenty-five years, tells me that he has found the old. 
fashioned school maps with their glazed surfaces not only 
injurious to vision, but on account of their highly reflective 
surfaces difficult to see from certain positions. This style of 
map should have been banished from school-rooms years ago. 

Pictures in which great distances are shown are the best 
for sitting-rooms. The drop curtains in theatres should 
have scenes painted on them showing great perspective; it 
is a rest to the eyes after the concentrated effort made in 
trying to watch the facial expressions or eyes of an actor, to 
look upon such a picture. The success of Russell Smith's 
scenic paintings on drop curtains, was that he always gave 
great perspective to his drawings. 

Several theatres in this city have drop curtains in which 
perspective is absent, and the result is that no relief is 
given the eyes after each act, and people with the least 
visual defect always suffer from eye strain after spending 
an evening in such places of amusement. 

Individuals who have to earn a livelihood with the pen 
should write on paper tinted green, blue or yellow. French 
authors use green tinted paper and say that they are greatly 
relieved from eye strain by doing so. 

It is essential to preserve good sight by such means as 
will not interfere with good health, and the first step in that 
direction is to have plenty of light and air; not the heated 
atmosphere of the average American business place or 
home. Iam sure that this high temperature helps to ruin 
people’s eyes more than we like to admit; too much light, 
especially if it be reflected, is particularly injurious; it pro- 
duces an overstimulation to the retina. 

From what I have gathered from clinical observation, | 
find that a lesser quantity of light is less injurious to an 
eye than an excessive bright light. For example, miners 
have less visual defect than machinists who work under 
electric lights. 


* Prof. E. J. Houston. 
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The eye is so delicately adjusted that if one were to heed 
its warnings very little injury would result to it, but unfor- 
tunately men and women alike seem to think that at all 
times and under all physical conditions can this little organ 
be kept at high pressure; they never think that general 
diseases or such as usually manifest themselves in other 
organs may develop special eye diseases. 

After the last epidemic of “la grippe” I was particu- 
larly impressed with the large number of patients com- 
plaining of the loss of power of the converging muscles of 
the eye. Upon investigation, I found that while these 
patients were confined either to bed or home, they would 
read incessantly. 

The result of this overtaxation was weakened eye 
muscles, while so long as they remained unsupported by 
prisms the patient suffered with pain over the eye region, 
headaches and other evidences of eye strain. 

Individuals when suffering from any depressing disease 
should be guarded as to the length of time they read or per- 
form near work, as they should be to physical exertion of 
any kind. 

It is not my purpose to gointo a discussion of the medical 
side of the many injuries the eye receives in an indirect 
way, but persons who have a predisposition to catarrhal 
ailments, a rheumatic or strumous diathesis, must carefully 
avoid all sudden changes of temperature or sudden exposure 
of any kind, as the eye not infrequently becomes the culmi- 
nating point of disease. I have seen such people greatly 
frightened by the sudden appearance of flying specks before 
their eyes. 

People prone to over-eating with little or no exercise fre- 
quently have this condition as well, which is known to the 
profession as “‘Muscz Volitantes.” They are not, as many 
people think, the forerunners of cataracts or blindness—in 
fact, so long as they remain minute specks they are harm- 
less. One thing they point to, and that is, the eye should 
have rest and the body made to work; an inverse condition 
of affairs should be brought about to that usually existing; 
plenty of outdoor exercise and very little near work upon 
white paper. 
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The state of the mind has much to do with vision. 
Violent affections or great passion, long continued grief and 
care, cause a diminution of the eyesight. It is recorded that 
extreme terror has induced blindness; violent anger or rage 
lessens the acuity of vision to a marked degree. All this 
acts like so many corroding cares perpetually undermining 
the stock of good sight Nature has given us. 

The Archbishop of Seville, who died at the age of 110, 
when asked the secret of his longevity and good eyesight, 
said, “ By being old when I was young, I find myself young 
now I am old.” 

. There is one form of visual defect to which I have called 
attention in my former lectures before this Institute, and 
that is color-blindness. 

In this discourse I shall allude to it not as a congenital 
defect, but as an acquired condition brought about by 
abuses. 

The early history of cases of color-blindness have been 
imperfectly recorded ; one goes back to 1684, and her case 
is recorded by Dr. Dawbeny as one whose vision was 
excellent but unable to appreciate any other color than 
white or black, although she could often read for nearly a 
quarter of an hour in the greatest darkness. Another case 
which is recorded more in detail is described by Robert 
Boyle, who. writes, on p. 599, vol. 3, whose philosophical 
works were published in 1725, as follows: 

“Two things were particularly odd in this case (he 
speaks of a gentlewoman twenty years of age). First, she is 
often troubled with flashes of lightning that seem to issue 
out like flames about the external angle of her eye, and 
often make her start, put her into frights and give her 
melancholy thoughts. 

“Secondly, what is more strange and singular, she can 
distinguish some colors as black and white, but not others, 
especially red and green. And when I produced her a bag 
of fine glossy red, with tufts of sky-colored silk (blue) she 
looked attentively upon it, but told me that, to her, it did 
not seem red, but of a dark or dirty color, and the (blue) 
tufts of silk, she said, seemed to be of a light color, which 
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she compared to the silken stuff of the petticoat worn by 
the lady who brought her to me, and, indeed, the blues were 
very much alike. 

“She further said, that the meadows did not appear green, 
but of an odd darkish color, and that when she had a mind 
to gather violets, though she kneeled in the place where 
they grew, she could not distinguish them by the color, 
from the grass about them, but only by their shape or 
touch. And the lady who was with her took thence occa- 
sion to tell me, that when she looks upon a Turkey carpet, 
she cannot distinguish the colors, unless of those parts 
which were white or black.” 

Medical records show that this subject remained undis- 
turbed until Dalton described his own case in 1794, and he 
appears to have been in ignorance of Boyle’s writings. 
After this period, it was called ‘“ Daltonism,” and even to 
this day it is sometimes known by this same name. 

In 1846, Prof. Wartmann’s elaborate paper was translated 
and published in Zaylor's Scientific Memoirs, but it was left 
to Dr. George Wilson, of Edinburgh, who, in 1853, con- 
tributed elaborate articles to the Edinburgh Monthly Journal 
of Medical Sciences, and in 1855 published the best book 
written in English on the subject. Since Wilson's day, 
many articles have appeared on this subject; among our 
own countrymen, Dr. B. Joy Jeffries, of Boston, takes the 
lead. 

A continuation of the knowledge of colors is very 
important, when we know that engine drivers or men on 
ocean steamers have daily to peril human life, “on the indi- 
cation of a colored flag or light.” 

Congenital color-blindness is easily detected, and color- 
blinds rarely apply for important positions in which color 
plays a ré/e in the occupation. It is after men have secured 
a position and are consumers of tobacco or have passed 
through a severe illness, that they should again be made to 
undergo examinations, for tobacco, quinine and santonine 
enter largely into the class of drugs which might produce 
such a defect. 

Prof. John Speiller recently read a paper on the effect of 
CXXXIII. 30 
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santonine produced upon his color sense, which from a 
scientific point of view is interesting. I would, therefore, 
repeat, that all men such as engine drivers and seamen, 
should undergo an examination for color-blindness at least 
twice a year. 

Dickens says somewhere that “nothing is sure in 
this world but death and the tax collector.” I may add, 
that when the majority of people reach their forty-fifth 
year, they are sure of falling into the hands of the oculist 
and the optician. 

One of the first concomitants of age, is acquired farsight- 
edness or presbyopia. This necessitates wearing certain 
glasses for near work. 

Whenever a man or woman about forty-five years of age 
finds himself or herself reading or threading a needle at 
arm's-length, their action tells that the little muscle govern- 
ing the accommodation, is growing weak and needs assist- 
ance. By persisting in forcing this muscle to work, much 
injury is done to the eyes, but by having it corrected, many 
a frown would be saved to man and many a wrinkle to 
woman. 

Not only is it important to get glasses, but of more 
importance still is it to see that you get the kind suitable 
for each eye. It is comparatively rare to find two eyes 
exactly alike, and the aid of an ophthalmic surgeon who is 
not only competent theoretically but practically should be 
sought. 

Our city is noted for its skilled opticians, but it is also to 
the discredit of many of these same opticians that they will 
sell glasses to anyone who chooses to buy them. I do not 
fora moment entertain the thought that trained opticians 
cannot give glasses which will answer a given purpose ; nay, 
I am sure that they can correct the simpler forms of pres- 
byopia as well as any ophthalmic surgeon and optician. 

Men whose knowledge is acquired by long experience are 
often much more useful than those having a theoretical 
knowledge only. When the optician finds, however, that the 
vision is not the same in each eye, or where astigmatism 
exists and the patient complains of symptoms now recognized 
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as eye symptoms, then his province ends and the ophthalmic 
surgeon's work begins. 

At one time the druggist could exercise the prerogatives 
of the physician; is it of lesser import that the optician 
should assume the prerogatives of an ophthalmic surgeon ? 
If the law now prevents the one from prescribing drugs, the 
other should also be prevented from prescribing glasses, 
outside of a certain range of years, or certain physiological 
conditions. 

As age increases, excessive reading, writing or work 
upon very small objects must not be persisted in, especially 
if the eyes grow tired. It must be remembered that the 
elasticity of the eyeball is lost and any persistent effort may 
produce hemorrhage in the retina, or such a strain as may 
lead to other serious troubles. 

Old people should be careful not:to read with a strong 
artificial light falling on a white glazed surface. It would 
be better for such people if our monthly magazines were 
printed on paper of a neutral tint. 

I now come to speak of cataracts, the most common form 
of eye disease in elderly people ; and being so common, it is 
astonishing in these enlightened days that the majority of 
people still believe the cataract to be a skin growing over 
the eyes. 

In Vigon’s Chirurgerie, published in 1571, I quote as inter- 
esting reading his description of a cataract: “ Oftentymes, 
there descend from the head certayne grosse and flegmatyke 
humors covering the apple of the eye and there remaining, 
and engrossed and made thyck, which is named of the doc. 
tors, Cataract.” 

It was not until about 1700 or a few years later that the 
real seat of cataract was understood; until this time it was 
supposed by the medical men and oculists to be a growth 
or a skin as described above, and like so many sayings, was 
handed down from one generation to another and has lived | 
to this day. 

The removal of cataract can only be performed by an 
operation. The history of operations for the removal of 
cataracts date from the remotest antiquity. It was known 
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in Egypt under the reign of Ptolomy-Soter; traces of it are 
found in the “ most ancient traditions of Hindustan and the 
Chinese empire.” Galen states that in his time there were 
oculists at Rome and Alexandria who exclusively practised 
this operation. In ancient and comparatively recent times 
the operation was performed by thrusting a needle into the 
eyeball a short distance. behind the cornea, and turning the 
opaque lens downward or dislocating it completely; this 
removal of the cataract aided by a convex lens then gave the 
patient vision. 

The operation followed by ophthalmic surgeons to-day is 
entirely different; an incision is made through the cornea 
with a delicate knife, and the cataract or opaque lens 
removed through this opening. 

Many individuals with cataracts dread its removal, but 
with the aid of that powerful drug cocaine (which I do not 
believe the ancients knew anything about, and is possibly 
one of the few new things under the sun), and a skilled hand, 
successful restoration to vision is almost always anticipated. 

Of all the special organs of sense the eye stands promi- 
nent among them all, like a barometer to indicate the 
physical condition within the body. 

When patients are brought to us with red or inflamed 
eyelids and a history of a succession of sties, do we simply 
give eye salves? No! First, we seek for causes more remote 
and find them in defective vision. 

When ulcers of the cornea exist, it shows that the blood 
must be impoverished and food is not assimilated. 

When that white band around the outer edge of the 
cornea called the “ Arcus Senilus " is visible, what does that 
indicate? Your physician will tell you that fatty degenera- 
tion of muscular tissues is taking place, and nothing must 
be done to produce over-action of the heart. 

When the eyelids are puffy and seem to be filled with 
fluids, it tells the observing physician facts more potent 


than words. 


The pupils of the eyes speak for changes going on in 
the brain or upper portion of the spinal cord, and when we 
examine the interior of the eye with the ophthalmoscope, 
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what a new world is unfolded to the observing and keen 
ophthalmic surgeon! We are thus able to tell whether a 
patient is suffering from tumor of the brain or meningitis, 
Bright’s disease or diabetes. 

In this lecture I have tried to call attention to many 
evils which not only directly injure health, but the vision 
as well. It is a melancholy cifcumstance that so many 
young persons will deliberately try to undermine their good 
health, so that when they reach the age of fifty in years, 
they are at least seventy in aches and pains. 


“Hard toil can roughen form and face, 
And want can quench the eyes’ bright grace. 
Nor does old age a wrinkle trace 
More deeply than despair.” 


— Marmion, 

In conclusion, I venture to give you a few more hints on 
the care of your eyesight: 

(1) Avoid sudden changes from dark to brilliant light. 

(2) Avoid the use of stimulants and drugs which affect 
the nervous system. 

(3) Avoid reading when lying down or when mentally 
and physically exhausted. 

(4) When the eyes feel tired, rest them by looking at 
objects at a long distance. 

(5) Pay special attention to the hygiene of the body, for 
that which tends to promote the general health acts benefi- 
cially upon the eye. 

(6) Up to forty years of age bathe the eyes twice daily 
with cold water. 

(7) Do not depend on your own judgment in selecting 
spectacles. 

(8) Old persons should avoid reading much by artificial 
light, be guarded as to diet and avoid sitting up late at night. 

(9) After fifty, bathe the eyes morning and evening with 
water so hot that you wonder how you' stand it; follow this 
with cold water, that will make them glow with warmth. 

(10) Do not give up in despair when yon are informed 
that a cataract is developing; remember that in these days 
of advanced surgery it can be removed with little or no 
danger to vision. 
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PROCEEDINGS 


OF THE 


CHEMICAL SECTION 


Or THE 


FRANKLIN INSTITUTE. 


[Stated meeting, held Tuesday, May 17, 1892.) 


HALL OF THE FRANKLIN INSTITUTE, 
PHILADELPHIA, May 17, 1892. 


Dr. Wm. H. Wahl, President, in the chair. 


A paper on “ An Improved Method of Determining Small Percentages of 
Gold and Silver in Base Metal,’’ by Mr. Cabell Whitehead, of Washington, 
D. C., was read by Dr. D. K. Tuttle. It was followed by an interesting dis- 
cussion, 

The paper was referred for publication in the Journa/. 

Mr. F. Lynwood Garrison then gave a number of views of the recently 
conducted armor-plate tests at Indian Head proving ground. Mr. Garrison 
discussed the results of these tests from the metallurgical standpoint. The 
complete report of Mr. Garrison to the Institute will appear in the Journa/. 

Adjourned. Ws. C. Day, Secretary. 


AN IMPROVED METHOD or DETERMINING SMALL 
PERCENTAGES or SILVER axp GOLD IN BASE 
METALS, MATTES, Etc. 


By CABELL WHITEHEAD, 
Assayer to the Mint Bureau, Washington, D. C. 


[Read at the stated meeting held May 17, 1892.| 


Any one having frequent occasion to report the values of 
silver and gold in such material as crude copper, copper 
mattes or ores, metallic iron, zinc, etc., will appreciate the 
advantages of a method which affords accurate results with 
little expenditure of time. The large production of pure 
copper by electrolytic methods from silver- and gold-bearing 
copper ores, renders some such method very desirable in 
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view of the various transfers of, (1), ores to the smelters ; 
(2), mattes to the refiners; and last, the crude copper 
to the electrolytic refinery, each of which transfers carries 
a commercial charge of the bullion contents. 

While the proposed method is available for a great 
variety of base products, it will perhaps best be illustrated 
by its use in determining the silver and gold contents in 
crude copper or the mattes resulting from bullion-bearing 
copper ores. The adaptability of the method to other base 
metals will readily suggest itself to the experienced assayer. 

Given a crude copper or matte carrying from thirty 
ounces of silver and ‘10 of an ounce of gold, upward, the 
usual method would be scorification. Itis usual to take for 
assay from ‘05 to ‘1 assay ton to each scorifier, with which 
are used from forty to fifty grammes of test lead, one-half of 
which is mixed with the ore in the scorifier and the remain- 
der used as acover. The scorifier is now introduced into a 
hot muffle and the door closed until the lead is melted, when 
it is opened and about one gramme of borax glass placed on 
the lead. Oxidation begins at once and the lead and base 
metals are rapidly scorified off until the slag covers the 
metal, when the assay is poured into a mould. If the lead 
button still retains much copper, or is hard or brittle, it is 
again scorified, with the addition of more test lead if neces- 
sary. When the lead button is soft and of proper size, it 
is cupelled and the button weighed and parted. Several 
scorifications are sometimes necessary before the button is 
ready for the cupel. 

The two objections to this method are, first, the loss of 
silver during scorification and cupellation, the latter due 
chiefly to the copper remaining in the lead which it is prac- 
tically impossible to remove in the scorifier, and which takes 
silver into the cupel. These losses I found to amount to 
from 2°33 to 2°78 per cent. of the silver present in the cop- 
per. My experiments were made with pure copper and pure 
silver, the silver being added in the proportion of 100 ounces 
per ton of alloy. 

The second objection is the small amount of bullion 
which can be operated upon, which necessitates the use of 
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many scorifiers where small amounts of gold are to be esti- 
mated, which is usually the case..- 

To avoid the doubtful results of scorification processes, 
the following method has been adopted at the copper works 
of a firm having large interests at stake: 

One assay ton of copper is dissolved in nitric acid, diluted 
and allowed twenty-four hours to settle. The solution is 
now filtered from the slight sediment containing the gold. 
A few drops of hydrochloric acid are added to the filtrate 
and the solution again allowed twenty-four hours for silver 
chloride to deposit, when it is filtered, washed and the two 
filters dried, combined, scorified with test lead and cupelled. 
The chief’ objections to this are, (1) the time required ; (2) 
the small amount of precipitate obtained and the danger of 
loss in scorifying silver chloride; (3) the greater solubility 
of silver chloride as compared with the bromide. 

While the method used at these works is an advance 
over previous practice, yet the time employed and the 
uncertainties indicated, leave much to be desired. The 
protracted time allowed for settling is necessitated by the 
exceedingly fine condition of the gold resulting from the 
solution of a metal carrying possibly from ‘10 to 5 ounces 
of gold per ton of metal. It would pass through a filter 
unless allowed to aggregate by standing. 

The larger quantity (say 100 ounces) of silver per ton 
will give but a slowly subsiding cloud (impossible to filter) 
when newly precipitated as chloride. The scorification of 
these combined precipitates, one of them being silver chlor- 
ide, cannot give results quite satisfactory, despite the time 
involved, some forty-eight hours at least. 

The method which I will now briefly describe was devised 
to meet just such cases, and is suitable for the bullion valua- 
tion of zinc, iron, nickel, etc., as well as the sulphides and 
arsenides of iron and copper. To illustrate the proposed 
method, which has been found effective and useful, the 
treatment is detailed for a crude metallic copper carrying 
both silver and gold. It will be understood that sodium 
bromide is chosen as a precipitant because of the greater 


‘ insolubility of silver bromide over the chloride, and also 
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that the soluble lead salt is added in order that the heavy 


precipitate of lead bromide may envelop and promptly carry 
down the silver bromide cloud. which otherwise would 
require long waiting for its subsidence, as well as to furnish 
the lead necessary for cupellation. 

Weigh out from one to four a. t., depending upon its 
richness, place it in a beaker of 500 cc. capacity and add 
gradually enough nitric acid to dissolve it completely, heat 
until red fumes cease to come off, dilute with water and add 
fifty grammes of lead acetate, stir, and when dissolved, add 
one ce. dilute sulphuric acid and allow the lead sulphate to 
settle. Filter into a 1,000 cc. flask and fill to the mark 
with distilled water. 

The filter contains the gold which has been collected and 
carried down by the sulphate of lead. The filter paper and 
precipitate are-dried, the paper burned and the ash and lead 
sulphate scorified with test lead. The button is cupelled 
and the gold, with any trace of silver it may contain, is 
weighed. Add silver and part the gold in the usual way. 
Note the amount, if any, of silver found and include the 
proper proportion of the amount with that found in the 
solutions as about to be described. 

In order that there may be a control assay, the solution 
is divided into two equal parts, to each of which a saturated 
solution of sodium bromide is added with constant stirring 
as long asa precipitate is produced. The precipitates settle 
quickly and filter and wash well. Cold water only should 
be used, and the washing be continued until the washings 
are freefromcopper. Any bromide of lead dissolved during 
the washing, may be neglected, as I have never found it to 
contain more than a trace of silver, even when assaying 
ores carrying many thousand ounces. 

The precipitate when dry can be brushed from the paper 
without difficulty, and thus the trouble of burning the filter 
is avoided. The bromides are now mixed with three times 
their weight of carbonate of soda and a small amount of 
flour or other reducing agent, placed in a small crucible, 
covered with borax glass and melted down in the muffle. 
The button should weigh about two grammes and be free 
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from copper and other injurious impurities. This button is 
cupelled at a low temperature, so that the cupel “ feathers” 
nicely. The time required is from three to five minutes. 
Duplicate assays usually agree within two-tenths of an ounce 
per ton. 


The following examples are from copper bullion: 


Oz. Oz. Oz. 


Had the gold button contained silver, one-half of its sil- 
ver contents would have been added to the silver recovered 
from the solutions, since the gold is estimated on the whole 
weight, while two determinations of silver are made on the 
same weight. 

The following is an example from a silver-bearing cast 
iron from the U.S. Mint at Philadelphia. It was dissolved 
in nitric acid, diluted and precipitated with lead and sodium 
bromide. After washing, the bromides were dried and 
brushed from the filter. No. 1 was mixed with ten grammes 
of litharge, a little flour, the usual amount of soda and 
covered with borax. Melted down and cupelled, the button 
gave 30°80 ounces per ton. No. 2 was mixed with test lead 
and borax and scorified. It gave 29°90 ounces per ton, ‘90 
of an ounce less than No. 1. However, this would be con- 
sidered a very close agreement by the old method. 

The following is an ore from Colorado, very base and 
with a gangue of sulphate of barium. It proved very 
unsatisfactory to assay by scorification, duplicates not 
agreeing at all. The ore was treated with nitric acid and 
filtered, the residue being assayed separately. 


The following are my results: 
No.1. Oz. No.2. Oz. 


Gold was not separated in the residues. The highest 
assay gotten by scorification was about 467 ounces, which 
shows twenty ounces in favor of the new method, with a 
reasonably close agreement in different assays. 
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PROCEEDINGS 
ELECTRICAL SECTION 


FRANKLIN INSTITUTE. 


[Stated meeting held Tuesday, May 3, 1892.) 


HALL OF THE FRANKLIN INSTITUTE, 
PHILADELPHIA, May 3, 1892. 


Prof. Edwin J. Houston, President, in the chair. 


Present, thirty members and visitors. 

The minutes of the previous meeting were read and approved. 

The Treasurer reported the cash balance in the treasury, and presented 
bills for printing, which were approved and ordered paid. 

One nomination to membership was referred to the Committee on Admis- 
sions. 

The proposed amendment to the by-laws substituting the word fourth for 
frst, in Article I1, Section 1, so that it reads: ‘‘ The stated meetings of the 
Section shall be held on the fourth Tuesday of each month, at 8 P.M., except 
during the months of July and August,"’ was voted upon and adopted. 

This by-law was then temporarily suspended upon motion that the next 
regular meeting shall be held Tuesday, May 31, 1892. 

Mr. Paul A. M. Winand read a paper on “‘ Some Points Regarding Multi- 
phase Current,” illustrated by black-board sketches and ingenious working 
models. To be continued at next meeting, and referred.for publication. 
In discussion thereon, Mr. Carl Hering stated that he thought the term 
multiphase usually applied to currents of two or three phases, and fo/yphase 
to those of more than three. He and Mr. Wm. S. Aldrich described other 
diagrammatic methods of representing the variations in alternating currents. 

Mr. Carl Hering read a paper on ‘‘ Ampére-Centimetre: A Measure of 
Electro-magnetism.” It elicited considerable discussion, and was referred for 
publication. 

The meeting then adjourned. 

L. F. RONDINELLA, Secretary. 
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CONSTANT SHUNT METHOD ror THE MEASURE. 
MENT oF LARGE CONTINUOUS CURRENTS. 


By CLAYTON W. PIKE. 


[Read at the stated meeting of the Section, held March 1, 1892.) 


The constant, Vienna or Munich, shunt method, as it is 
variously termed, is something which is by no means novel 
and is, indeed, well known to some of the section, having 
been used by them at the Electric Exhibition of the Insti- 
tute, in 1884. But I believe that the method is not so well 
known, or at least not so much in use as it should be, and I 
hope, by calling attention to some of its advantages and by 
pointing out and showing how to avoid certain errors inci- 
dent to it, one or two of which are not generally known, to 
do something toward bringing it into more general use. 

For the measurement of continuous currents we have the 
various forms of ammeter, the Siemens dynamometer, the 
Thomson platform galvanometers, and the Thomson 
balances, the tangent sine and cosine galvanometers. With 
the objections to the ammeters all are doubtless familiar. 
They are inaccuracy of graduated scale, errors due to 
residual magnetism or to loss of permanent magnetism, 
and lack of wide range. The Thomson platform galva- 
nometer does not measure large currents without the use of 
the permanent magnet which is objectionable if consider- 
able accuracy is desired, and it requires a knowledge of the 
horizontal component of the earth’s magnetism H. The 
Thomson balance is an instrument of much greater value 
than the above, being independent of H, having greater 
range and greater precision, but being even more costly. 

The tangent galvanometer requires the value of H, and 
has only a limited range, which the sine and cosine, though 
better in this last respect, are tedious to use on account of 
time required in setting the coils. 

The great advantage of the shunt method over all these 
is that, by the aid of fairly simple and cheap apparatus, 
currents varying from one to 1,000 ampéres or more may 
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be measured with quickness and a very great degree of 
accuracy over the whole range. 

The shunt method is really a comparison method, and 
depends upon Ohm’s law that the potential difference 
between two ends of a resistance is proportional to the 
current flowing through the resistance. 

Let A B be a conductor whose temperature is kept con- 
stant, its resistance will therefore be constant, but need not 
be known. Pass the current C, which we desire to measure 
through A B, there will then be a potential difference P D 
between A and B. 

Let G be a mirror galvanometer with telescope and scale, 
then the deflection dis proportional to the current through it, 
which is proportional to PY, as long as resistance of gal- 
vanometer and leads is constant, d, « P D, or d, a G. 

Pass any other current C, through A B then d, a C, and 


d, C, 


a, 


If the resistance of the galvanometer and leads be not 
constant, the algebraical result is less simple and, moreover 
if the deflections become very large, they are not strictly 
proportional to the current through the galvanometer which 
we will call Cg. Hence the comparison of large with small 
currents will be somewhat inaccurate. This leads us to a 
little different method. Place a resistance box ¥# in the 
galvanometer circuit. Pass current C, through 4 A, causing 
a potential difference P D,, and sending through Ga current 


ig Rtg 
where g is the galvanometer resistance. 
Then 
ga 
or 


(R, + g) 


in the same way 


C, a ad, (R, + g) 


=> 


gs, 


dis 
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(R, + g) 
a, (KR, + g) 


a, (R, + g) 
Ca 
a,(R, + g) ‘ 


Now, if when CG were flowing we had accurately measured 


\\ 


it by a tangent galvanometer or by the electrolytic cell, the 
quantity 
ad, (R, + g) 
would be known. Callit X the constant of the shunt. Then 
we have the general formula for the shunt that the current 
whose value we desire is equal to 


+ g)K 


Now, by using the resistance box, and by adjusting it to 
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give about the same deflections on the galvanometer in dif- 
ferent measurements we have secured two important 
advantages. 

(1) We have done away with the error of assuming 
that the currents through the galvanometer was strictly 
proportional to its deflections. 

(2) The resistances & being large in value with reference 
to galvanometer and leads, and being of platinoid or some 
metal with very low temperature coéfficient, any change in 
temperature of galvanometer and leads will produce little 
effect on the result. 

Like all other methods this one is liable to certain 
errors, some of which I will mention and briefly suggest their 
remedies. The way in which they affect the result will also 
be stated. 

(1) Reading of Deflection—Suppose you could read to 
within ‘ol cm. on the scale. If the deflection were 10 cm. 
the error would be 


OF = part in 1,000, 

10 
The error is evidently diminished as we increase the 
deflection. 

(2) Error Due to Temperature Change of Galvanometer and 
Leads.—lf these are of copper their resistance would change 
four-tenths per cent. per degree Centigrade. This correc- 
tion could be applied, but if the resistance in & is large 
with respect to g, this correction will be negligible: (2°) 
then conflicts with (1°), and we must compromise. Suppose 
R, = 20 g = 2, and temperature rise = 10° C. then the true 
value of 


Ri + g=20+2-1 2X 4 x 10= 22°08 
100 
and the error in neglecting the 
08 = = = I in 275 


(3) Error Due to Temperature Change of Box.—This is ‘02 per 
cent. per degree Centigrade for platinoid coils, and may be 
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corrected for, or neglected, according to the desired precision 
of our results. 

(4) Error Due to Determining Constant K.—The constant is 
best determined in most cases by electrolytic cells, say three 
in series. If one has a tangent galvanometer of proper range, 
1-5 ampéres, and knows # to the desired accuracy this may 
be used. A Thomson deci-ampére balance would be very con- 
venient for subsequent determinations of the constant, if 
its readings were known to be correct within the desired 
degree of accuracy. An error of ‘1 per cent in A causes an 
equal error in the subsequent measurements, 

(5) Error Due io a Rise in Temperature of the Shunt—This 
may be due to two causes: a rise in the temperature of the 
room, or the heating effect of the current. Both may be 
obviated by placing the shunt in liquid artificially cooled 


A 


1. 
by cold water coils, and keeping constant the reading of a 
thermometer placed in the liquid close to the shunt. 

Suppose the rise in temperature were 5°C. If the shunt 
were of German silver the change in its resistance would 
be ‘04 per cent. X 5 = ‘2 per cent. or two parts in 1,000, 
and the results of the measurement would be in error by 
this amount. If of platinoid, the error would be but half as 
much. 

(6) Error Due to Change of Value of H—This would be 
possible if the galvanometer had the earth’s field for a 
resting force. If great accuracy be desired, obtain the 
value of the constant frequently, and see if it changes. As 
I have before said a Thomson balance would be most 
desirable for this, and many laboratories can afford one 
Thomson balance. Also if we had a galvanometer whose 
damping could be removed, we could determine whether 7 
had changed by its time of vibration. The sources of 
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error so far mentioned are well understood and looked out 
for, but the following are, I believe, not so well known. At 
least the amount of the effect is not so generally appreciated, 
and they have, so far as I know, received exhaustive study 
only at the hands of Mr. W. L. Puffer, of the Massachusetts 
Institute of Technology. His results are to be found in 
the Proceedings of the American Academy of Arts and Sciences, 
January, 1888. 

(7) Error Due to Thermo-electric Effects —We are obliged to 
make the resistance of our shunt verylow to prevent undue 
heating, hence the potential differences set up at its termi- 
nals are very low. Inthis case any thermal E. M. F.’s, 
which might be caused by differences of temperature at 
the junctions of the different metals, would be liable to 
affect the readings of the galvanometer. This trouble may 
be obviated by so making the shunt as to put the junctions 
under the surface of liquid whose temperature is maintained 
constant and may be detected by running the galvanometer 
leads to a mercury cup commutator and testing with 
reversals, 

(8) Error Due to Electro-chemical Action.—The shunt is placed 
in liquid and under the action of the potential differences 
set up at its terminals there is electrolytic decomposition, 
(if the liquid be one which can be decomposed as water). 
This will cause the end having the higher potential to be 
darkened, owing to oxidization of the German silver by the 
oxygen set free, while the other end will become whiter or 
cleaner in appearance, owing to the reduction of the film of 
oxide on its surface by electrolytic hydrogen. These actions 
will evidently set up E. M. F.’s, and if the shunt resistance 
is very low, will cause considerable error in the result. 
This source of error could be avoided by placing the shunt 
in some liquid incapable of decomposition with low E. M. 
F.’s. Chemically pure water would do, but for the trouble 
of obtaining and keeping it so. Petroleum oils would act 
slightly on the bare piece of metal composing the shunt, 
thus producing a battery effect. We must either immerse 
the bar in some liquid incapable of acting on it or cover the 
shunt very carefully with some substance not acted upon 
VoL. CXXXIII. 
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by the liquid in which it is placed. Everything considered 
it seems to me that very carefully covering the shunt with 
several coats of shellac and afterwards with copal varnish, 
and immersing itin distilled water would be the most satis- 
factory method. 

Design and Construction of Apparatus.—Suppose we desire 
to measure currents of from one to 1,000 ampéres. This 
would require a set of five tangent galvanometers of differ- 
ent sizes, the three largest of which would be impracticable. 
(The diameter of the largest would be about seventy-five 
feet.) With the sine or cosine galvanometers or Siemens 
dynamometer we could do better in this respect, but they 
are still out of the question. 

With the Thomson platform or balance we should need 
three different instruments, which are exceedingly costly. 


A 8B 


Fic. 2. 

Moreover, none of these could be used near dynamos and 
this means that we must lead the whole of the current we 
wish to measure perhaps a considerable distance, thus 
entailing expense for wire and perhaps leakage. 

Suppose we make one shunt of resistance ‘oor w. If of 
German silver 9 inches wide, ;},; inch thick, two strips 24 
inches long joined in parallel will be nearly the required 
dimensions. The object of making them so thin is to offer 
large surface to the water so that they may quickly dissipate 
the heat produced by the current. The rate of production 
of heat with the maximum current 1,000, ampéres, will be 
‘24 C, R = ‘24 X 1,000? X ‘0O1 = 240 calories or enough per 
second to heat 240grammes of water 1°C. if none of the heat 
be dissipated. We must now provide a containing vessel 
large enough to hold so much ‘water that it will not be 
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unduly raised in temperature, and large enough to admit of 
placing in it coils of pipe which shall carry cooling water if 
this be found necessary with the larger currents. 

The two German-silver strips should be joined thus by 
massive cast copper blocks, to which they are carefully 
soldered. To make the junction doubly secure, thin strips of 
copper 9 x I X } inch are screwed and soldered on over the 
German silver, as shown. The vertical projecting copper 
bars D and F are for connecting the shunt into the circuit 
where we wish to measure the current. 

The arrangement so far described would collapse, owing 
to the thinness of the German silver. So it is necessary to 
hold the copper blocks apart at the top and bottom by some 
arrangement which shall be insulated from the shunt. 
This can be done by screwing on to both top and bottom of 
the copper blocks, a piece of board 24 x 4 x I inch, as shown 
in drawing. The board on top should be pierced with a 
large number of holes, as shown, in order to facilitate the 
circulation of water. The ends of the boards touching the 
blocks should be soaked thoroughly in melted paraffin and 
coated with shellac. The screw holes in the blocks should 
be filled with paraffin, the screw heads countersunk in the 
wood, as shown, and melted paraffin pouredoverthem. The 
whole arrangement should then be coated with shellac and 
copal varnish thoroughly. 

The containing vessel may be of wood, paper or galva- 
nized iron, about 32x14x13 inches. Such a vessel will 
contain, besides the shunt, about 85,000 grammes of water. 
Now, the number of heat units, small calories, developed in 
one second by 1,000 ampéres flowing through ‘ool w is in 
one secondas before stated, such as would heat 240 grammes 
of water 1°C. Hence it would take to heat 85,000 grammes 
1°, a time £390° seconds, or about six minutes, if there were 
no radiation. But it is probable that this heat produced 
will not be instantly communicated to the.entire mass of 
water, hence, for the large current measurements it will be 
advisable to lead coils carrying cold water close to the Ger- 
man-silver strips, both inside and outside, if we desire great 
accuracy in our measurements. 
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Galvanometer.—Any form of sensitive reflecting galva- 
nometer which is dead heat and wound with coils of low 
resistance may be used. If the instrument has the earth’s 
field alone for a restoring force, as is generally the case, 
(neglecting torsion), it would be convenient to have the 


FiG. 3. 


damping copper mass easily removable. The following 
will illustrate the design : 

Suppose the scale of telescope is divided into millimetres, 
and we can read with an error of ‘I mm. by eye estimation, 
then with a deflection 10 cm. the error in reading would be 
tevy = 1 in 1,000. If our scale were distant from mirror of 
telescope by 1°5 metres, the deflection of the mirror for a 
reading 10cm. would be about 2° for 7% = fan. 2 a= 2 tan. 
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a approximately. tan. a= 39, = ‘033 and a the deflection of 
mirror = 1° 54’. 

When 1,000 ampéres are flowing, the potential difference 
acting to send a current through the galvanometer is 
100 X ‘OOI or one volt. Suppose we put in the galvano- 
meter circuit 10,000 ohms, the maximum of an ordinary box, 
then the current through the galvanometer will be ‘ooo! 
ampéres. With sufficient accuracy, we may apply the 
tangent galvanometer formula, 


from which we have 


10H tan.a _ 10 X‘2 X7 X .033 


= 
2 X 3°1416 X ‘OOO! 


Assume a mean radius 7 = 2°5 cm., then ” the number of 
turns = 266 = 41°78 metres or about 136 feet of wire. If 
we take a copper wire whose diameter bare is ‘036 inches the 
resistance will be about 1°1 a, and the wire will lie in a 
groove I X inch, whose mean radius is 2°5 cm., or about 
one inch. 

When one ampére goes through the shunt the potential 
difference will be 1 X ‘ool = 1 volt. Then to give about 10 
cm. deflection we should insert such a resistance that the 
galvanometer current would be ‘ooo1, and this resistance 
would be about nine ohms. Then should the temperature 
of the galvanometer coil rise 5° C., the resulting error would 
be but two parts in 1,000 from this cause alone. 

A galvanometer of the D’Arsonval pattern might be used 
and would have the advantage of being independent of any 
changes in H, and of being very dead heat. It should be 
designed with as low resistance as is consistent with the 
condition that a current ‘ooor ampéres shall produce a 
deflection of 2°. 

Two commutators are necessary. The larger receives the 
six coarse wire soldered into the copper lugs D F of the shunt, 
shown in Fig. 3. These wires should be No. oooo B. and S. 
three in parallel, and the commutator of the mercury cup 
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variety, so arranged that the shunt can be entirely discon- 
nected from the dynamo circuit. 

Into each of the holes at H and K, Fig. 3, should be 
soldered, carefully, a No. 18 B. and S. copper wire 
thoroughly insulated, and the joint covered carefully with 
shellac and copal. These are led out to the small mercury 
commutator for the galvanometer circuit arranged like the 
other so that the galvanometer can be isolated from shunt 
and main circuit. Then any thermo electric or electro 
chemical effects can be detected and studied. For instance, 
disconnect galvanometer entirely from commutator and 
note reading. Connect it to commutator with shunt uncon- 


Fic. 
nected, and there should be, of course, no deflection even 
by reversing the commutator. Connect shunt (still with 
no current in it) to galvanometer commutator, and see if 
there is any deflection, reversing this time the connection 
from shunt to galvanometer. Finally, run current through 
shunt, and see whether changing the commutators produces 
any change in deflection, being sure that this current is 
maintained constant. Disconnect shunt from dynamo 
circuit, and see whether there is any appreciable deflection. 
The time occupied for these tests is very short, if the com- 


mutators are properly arranged, and if the tests show no 
appreciable thermo-electric or chemical effects, we may feel 
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sure that our apparatus is satisfactory in this respect. 
Finally, provide a sensitive thermometer whose range is 
from about 60° F. to 80° F., or 15° C. to 27° C., and arrange 
so that it will be placed close to one of the German-silver 
strips of the shunt. Read when no current is flowing, and 
then when the maximum current flows. Then if these read- 
ings differ 5° C., or 9° F., the error would be two per cent., 
as previously stated. If greater accuracy be required send 
cold water through the coils, and read the thermometer, 
then by sending the water through fast enough, the heating 
effect of the current may be nullified to the desired extent. 

The sketch below shows the general appearance of the 
completed shunt, together with the commutators. 

Recent researches of Prof. Ayrton on the D’Arsonval 
galvanometer indicate that such a type wound with plati- 


| 
A 
FIG. 5. 

noid with phosphor-bronze strip suspensions would be most 
desirable, and, therefore, the following arrangement com- 
mends itself, more especially where the field around the 
galvanometer is subject to fluctuations. Use for the shunt 
bar a sheet of platinoid, to which the wires carrying the 
main current should be soldered. Preferably there should 
be several such wires soldered on the end edge of the sheet 
and distributed at equal distances along the edge so as to 
secure uniform distribution of currentin the strip. /nside at 
the points A and B the leads (of platinoid) to the galvano- 
meter commutator should be fastened. If then a D’Arsonval, 
made as above and having its telescope and scale rigidly 
attached to itself, be provided, it may be used where the 
other arrangement would be out of the question, namely, 
near the dynamo room. Moreover, by making everything 
of platinoid, we have done away with temperature correc- 
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tions, provided the platinum strip be of such dimensions 
that the maximum current doesn’t heat it appreciably. 
The strip then may be kept in air, the only danger being a 
greater liability to thermo-electric effects due to differences 
in temperature at the junctions, and this can be tested by 
commutation. 

Using the D’Arsonval, we can get a greater deflection 
for a given potential difference at its terminals, therefore, 
the resistance of the strip may be made lower and less 
energy be used up in the method of measurement, and in 
some cases this is an important advantage. On the other 
hand, since we measure with smaller potential differences, 
any thermo-electric effects will produce a greater error in 
our results. 


CEREBRAL RADIATION. 
By Pror. Epwin J.. Houston. 


[Read before the Electrical Section, March 1, 1892.) 


GENTLEMEN: I have thought it possible that it might 
interest you to consider some rather wild speculations in 
which I have indulged for a number of years past, but 
which I have heretofore refrained from publishing. In 
these speculations, to which I was first led by a suggestion 
from a friend, I have endeavored to correlate, to some 
extent, the phenomena of thought with grosser physical 
phenomena. Although the suggestions I have to offer as a 
basis for a hypothesis of the mechanism of cerebration, are 
confessedly incomplete, and, perhaps improbable, yet I have 
concluded to place them on record as of possible interest to 
the scientific world. 

I am, of course, aware of the fact that the psychical 
operations of the brain are by no means understood. It is 
generally believed, however, that the seat of psychical 
activity is the cerebrum. The manner in which the brain 
acts to produce, record, and reproduce thought is unknown, 
and will probably remain unknown. 


5 
; 
+ 
4 
is 
£ 
i 
3) 
if 
3k 
au 
ahs 
: 
3 
y i 
tr 


June, 1892.] Electrical Section. 489 


On the single assumption, however, that cerebration or 
thought, whatever may be its exact mechanism, is accom- 
panied by molecular or atomic vibrations of the gray or 
other matter of that part of the brain called the cerebrum, 
I would propose the following hypothesis to account for 
telepathy, mesmerism, thought transference, hypnotism 
and other cognate phenomena. 

Postulating the existence of the universal or luminiferous 
ether, which is now generally accepted in scientific circles, 
and bearing in mind the fact that this ether passes through 
even the densest matter, as easily as water through a sieve, 
it follows that the brain atoms or molecules that are here 
assumed as the cause of cerebration, are completely sur- 
rounded by the ether. Now, since the ether is a highly 
elastic, easily movable medium, it would follow that 
thought or cerebration, if attended by vibrations, must 
necessarily develop in the ether wave-motions, which have 
the brain atoms or molecules for their centres. In other 
words, the act of thought or cerebration necessitates an 
expenditure of energy, because it necessitates the setting in 
motion of these assumed atomic or molecular brain particles. 

The exact nature of the motions that are assumed to 
attend an active condition of the brain must necessarily re- 
main unknown as long as we are ignorant of the exact nature 
of the mechanism that is moved. But, if an active brain 
evolves thought because something is set in motion, it, of 
course, follows that a brain absolutely free from producing 
thought must be at rest so far as that kind of motion is 
concerned. An absolute freedom from thought ina healthy 
brain is most probably a condition that seldom exists; rela- 
tive rest, however, must be quite common. 

That the brain cells, of the gray or other matter involved 
in the production of thought, can be caused to assume cer- 


tain groupings or relations towards one another would . 


appear to follow from the ease with which that curious 
function of the brain called memory, permits it to readily 
recall past peculiarities in the to-and-fro motions. By con- 
tinually repeating certain trains of thought, as in study or 
repeated observations, the peculiar motions required to pro- 
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duce such thought are probably given a set or tendency to 
form more orless permanent groupings. When, therefore, the 
brain is moved or played upon, so to speak, these motions 
recur and certain memories are awakened. 

How may these motions be produced? The answer 
would certainly appear to be both from within and without. 
It is, perhaps, possible that the flow of blood to an active 
brain, which as is well known attends all active cerebration, 
is not only for the purpose of nourishing and rebuilding 
the organ, but also for affording the purely mechanical 
force, that needs but to touch this marvellously attuned 
organ to awaken the thoughts already impressed thereon, 
or to sit in judgment on new combinations never before 
presented to it. 

I will suggest an explanation later on as to how these 
impressions may possibly be excited from without. 

Whatever be the origin of these vibrations, or, however, 
excited, energy is required to be expended in producing 
them, and as the brain-worker will readily acknowledge, the 
expenditure of such energy often calls for an enormous 
expenditure of nervous force. 

Cerebra] energy, or energy thus expended in producing 
thought, is dissipated by imparting wave motions to the 
surrounding ether, and such waves are sent out in all direc- 
tions from the brain, possibly in greater amount, or of 
greater amplitude from some of the brain openings, as, for 
example, those of the eyes. 

Although there are no absolute proofs of the existence 
of the molecular or atomic vibrations of the brain particles 
which I have assumed, such a movement, however, is far 
from being improbable, and, indeed, some facts known to the 
medical profession are far from being at variance with such 
an assumption. A certain amount of pressure on the brain 
arising from the pressure of the blood is necessary for its 
proper action. If this pressure increases beyond a certain 
value, as, for example, in cases of fractures of the skull, 
where a portion of the bone is depressed by the fracture, 
thereby producing a compression on the brain material, all 
thought or cerebration instantly ceases; but when this 
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pressure is relieved, by the act of trephining, cerebration 
not only begins, but curiously enough, generally goes on 
from the point where the patient left off, when the injury 
occurred. 

Let us assume, then, that cerebral radiations or waves are 
given off from every sentient or active brain, and that these 
waves pass into the space around the brain something like 
the waves that are imparted to the air around a sounding 
tuning-fork. 

The cerebral radiations are not so gross as those of 
sound. Their wave-lengths are almost certainly much 
shorter. They are imparted to the universal ether. 

If such waves, which I would call thought-waves or 
cerebral-waves, be present in ether that fills all space, it will 
be interesting to inquire what phenomena they might be 
expected to produce. 

It being assumed that these vibrations take place in the 
ether itself, there need be no doubt or speculation as to the 
general nature of the waves themselves. They would pre- 
sumably partake either of the nature of transverse or tor- 
sional vibrations. 

The commonest character of the vibrations which occur 
in the universal ether are the vibrations which are now 
generally recognized as transmitting the phenomena of 
heat, light, electric or magnetic radiations; viz., of trans- 
verse or torsional vibrations. 

An active brain may, therefore, be regarded as moulding 
the ether around it into thought-waves, that are spreading 
outwards from it in ali directions. In this respect, it is not 
unlike a conductor through which an oscillatory discharge 
is passing, producing those waves which Hertz has so 
beautifully demonstrated as resembling the vibrations that 
produce light. 

Assume, then, that the cerebral radiations partake of the 
nature of thermal, luminous, electric or magnetic radia- 
tions, and the following explanation of telepathy, or thought 
transference, is, to say the least, not improbable. 

I would explain the possibility of the transference of 
specific cerebral vibrations from an active brain, to a passive 
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or receptive brain, by the simple action of what is known 
in science as sympathetic vibrations. 

Take the case, for example, of a vibrating tuning-fork, 
that is sending off its waves across the space which sepa. 
rates it from a second tuning-fork, not as yet in motion, but 
tuned so as to be able to vibrate in exact unison with it. 
As is well known, the exact correspondence between the 
period of the active, or the transmitting-fork, and the pas- 
sive- or the receptive-fork, is such that the vibrations of one 
fork are gradually taken up by the other fork, so that the 
energy of the motion of the one is transferred or carried 
across the space existing between them, by means of pulses 
or waves, set up in the air which surround them. 

As is well known, such sympathetically excited vibra- 
tions can be produced in a fork situated at a considerable 
distance from the exciting-fork. 

Or, similarly, take the case of the sympathetic vibra- 
tions excited by waves of light. Solar energy is radiated 
or transferred across the space existing between the sun 
and the earth by waves or oscillations in the luminiferous 
ether. These waves, falling on the delicate structure of a 
leaf, suffer a species of selective absorption, certain wave- 
lengths being absorbed and others thrown off. The 
absorbed waves excite or produce sympathetic vibrations 
in the molecules of carbon dioxide present in the leaf, 
and cause the atoms of carbon and oxygen in such mole- 
cules tg move towards and from one another in inter- 
atomic vibrations, which increase in amplitude or violence 
until their chemical affinity or atomic attraction is over- 
come and dissociation occurs. The oxygen is then thrown 
from the leaf into the air, and the carbon is retained in the 
structure of the plant. 

Or, take the still more interesting case of what Hertz 
calls electric resonance. As already mentioned, it is now 
generally recognized by electricians that a conductor, 
which is the seat of an oscillatory electric discharge, is 
sending into the space around it electric waves or oscilla- 
tions which travel with the velocity of light, and which 
are in fact of exactly the same nature as light itself. If 
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these electric waves meet a circuit so tuned as regards 
the period of oscillation of the circuit in which they 
originally occurred, as to be in consonance with them, 
electric oscillations will be set up in this circuit, of 
exactly the same nature as those exciting it. 

In view of these facts it does not seem improbable to me, 
that a brain engaged in intense thought should act as a 
centre of cerebral radiations, nor that these radiations 
proceeding outwards in all directions from such brain 
should affect other brains on which they fall, provided, of 
course, that such brains are tuned to vibrate in unison with 
them. In such cases the absorption of energy by the 
recipient brain may be either a species of selective absorp- 
tion, in which its train of thought is only modified, or it 
may be absolute, in which case the recipient brain has 
excited in it an exact reproduction of the thoughts of the 
exciting brain. 

Such a hypothesis is far from improbable; on the con- 
trary, it would appear to be supported by a variety of 
curious circumstances, which have only wanted some gen- 
eral hypothesis to properly correlate them. 

If such a hypothesis be true, then these cerebreal vibra- 
tions or radiations must travel through space with exactly 
the velocity of light. This is of course on the assumption 
that the vibrating or oscillating brain molecules or atoms 
set up vibrations similar to those of light. Of course, this 
equality between the velocity of cerebral wave propagation 
and that of light is true only for free ether. In the ether 
which fills the interatomic of intermolecular spaces of gross 
matter, or, as it is technically called, combined ether, the 
velocity of wave propagation varies according to the par- 
ticular character of the matter with which it is associated. 
A retardation or decrease in the velocity of the assumed 
cerebral waves would doubtless be experienced while pass- 
ing through the materials of the skull and head. 

If thought travels along waves in the ether similar to 
waves of light, it would be able to travel along any path by 
which rays of lights cax pass. It can therefore travel along 
rays of light, 2. ¢., along paths in the ether through which 
rays of light are moving. 
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There is a well-known experiment in hypnotism, in 
which the patient, placed in a state of semi- or complete 
unconsciousness, has his brain called into a more or less 
active condition by the suggestions of the hypnotizer, which 
might seem to somewhat favor the hypothesis of cerebral 
radiation. 

It might be interesting, in view of the above suggestions, 
to see whether a hypnotizer, placed in such a position as 
regards the hypnotized that flashes of light falling on his 
eyes shall afterwards fall on the eyes of the patient, to 
observe whether or not acts of suggestion are more readily 
perceived by the brain of the hypnotized along such rays of 
light than without the aid of such rays. 

If the preceding speculations be regarded as wild, and 
that this is true I have already granted, what may not be 
said as to the following ? 

If thought radiations partake of the nature of ether- 
waves, then there should presumably exist in the thought 
radiations or waves, phenomena corresponding to the various 
phenomena of thermal, luminous, electric, or magnetic 
radiation; even the phenomena of reflection, refraction, and 
possibly even of dispersion of such waves, would appear to 
be a possibility. In this connection, it is of interest to 
imagine the analysis or separation of a complex wave of 
thought into its component or elementary waves, corre- 
sponding to the separation of a beam of light, by means of 
a prism. 

In this connection, there would be a new significance in 
the phrases, “radiant with thought,” or, “to concentrate 
one’s thoughts on a subject.” 

If thought radiations or waves partake of the nature of 
light, then it would seem among the remote possibilities of 
science—to obtain, say by means of a lens—a photographic 
impression of such thought-waves on a suitably sensitized 
plate, somewhat after the manner of the ordinary photo- 
graphic picture. Such a thought-record, suitably employed, 
might be able to awaken at any subsequent time in the 
brain of a person submitting himself to its influences, 
thoughts identical to those recorded. 
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Of course, 1 am aware of the improbability of such a 
record being obtained in the near future, and of the 
exceeding difficulties that would seem to stand in the way 
of evér obtaining it. 

Until we know something more definite concerning the 
nature of these assumed cerebral vibrations and of their 
lengths,we must necessarily be seriously handicapped as how 
to best permanently fix them on a suitable record-surface, 
and how afterwards to cause such record-surface to interpret 
its peculiarities to the brain. I merely throw it out as a 
possibility of what science may have in store for those who 
come after us. I would suggest, in this connection, that 100 
years ago it would probably have been regarded as quite 
impossible that the telephone or the phonograph could have 
been produced. 

Such a thought-record, however, if obtained would not 
be an image of the thought itself, or of the particular group- 
ings of the particles, whose to-and-fro movements attend or 
produce thought, any more than the tracings of the phono- 
graph record form an image of the spoken words. They 
would merely represent the to-and-fro motions of the ether 
set in motion by the thought or cerebrations. 

Aneye looking at such an image would not be influ- 
enced thereby. If, however, ether waves similar to those 
recorded could be reproduced by causing light to pass 
through such photographic images of the to-and-fro motions 
of thought-waves, such waves might be caused to influence 
the brain and thereby awaken thoughts similar or identical 
to those recorded. 

I have often amused myself with picturing a possible 
thought-recording machine, whereby the thoughts of an 
active brain might be recorded continuously and per- 
manently on a moving sensitized film, the exposed surface 
of which was placed at the focus of a large lens placed in 
front of any one engaged in intense thought. 

If, like the cylinder or plate of a phonograph or gramo- 
phone, such a record were afterward rotated at the same 
speed as that at which it received its impressions, under 
circumstances in which light passing through it is moulded 
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into waves similar to those recorded on it, such waves when 
caused to act on a receptive brain, should, it would certainly 
seem, excite therein thoughts identical to those recorded as 
its record-surface. 

Of course, it is needless for me to say that such a 
machine has never been actually constructed and is still 
as unsubstantial as are the speculations which I have 
offered you. Indeed, the probabilities against its being pro- 
duced are so great that I have hesitated even to mention it. 

Some experiments might be tried in a similar manner in 
thought transference, by holding large lenses in front of the 
eyes of a hypnotizer at such a distance as to converge the 
assumed cerebral radiations on the eyes of the hypnotized. 
These experiments might be tried either along with light, 
or independent of it. 

I know that many points of the hypothesis which I have 
suggested are quite improbable, and that*I may and prob- 
ably will be misunderstood by some as putting forward 
facts rather than a bare hypothesis. 

Probably one of the most serious objections to the hypo- 
thesis is to be found in the fact that the phenomena of tele- 
pathy and thought transference are not of more frequent 
occurrence. This I must frankly acknowledge to be a most 
serious objection. I would suggest, however, that the com- 
parative infrequency of the phenomena may possibly be ex- 
plained by the presence in the human body of a shield which 
protects the brain or the nerve centres from the effects of 
cerebral radiations. It is not impossible the sheathes of the 
nerves act as screens to prevent the reception by the brain 
of these thought radiations. 

Prof. Tyndall, in his work on sound, alludes to the well- 
known fact that when sympathetic vibrations are being 
excited by a sounding tuning-fork in any body near it, that 
there is a greater rapidity of expenditure of energy of the 
fork’s motion than when it was not exciting such waves. 
The analogue of this phenomena exists, perhaps, in the case 
of the assumed thought transference. Mental energy is 
presumably expended at a greater rate when it is exciting 
thought-waves in this manner, than when such are not being 
excited. 
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There has often been experienced by me as a teacher a 
feeling of great exhaustion in taking charge of or watching 
a room in which a number of bright students were under- 
going an examination. It is possible that the cause of this 
exhaustion is the rapid dissipation of energy by the cerebral 
radiations being absorbed by the receptive brains of the 
examinees. I am informed by certain physicians, that a 
feeling of great exhaustion is experienced by them in the 
treatment of some cases. 

If there be any truth in the hypothesis I have briefly 
outlined, there should be what I would term a kind 
of vital radiation going on and passing outwards from 
the body of a healthy person, which may not improbably 
excite by sympathetic vibrations in the bodies of weaker 
persons around them, vibrations of a normal or more healthy 
type than those present in the sick person. 

If this be true, the old belief of the efficacy of the laying 
on of hands, or of magnetic healing, may find some founda- 
tion, in fact, apart from what is most probably the general 
explanation of such causes, viz., hysteria. 

I have thrown out the above hypothesis of cerebral radia- 
tions with considerable doubt and hesitation as a sugges- 
tion only to those working in the field of telepathy or 
thought transference, in the hope that I may thereby call 
the attention of such investigators to some phenomena in 
this very obscure field of research. 


DYNAMO and MOTOR CALCULATION, 


By C. H. BEDELL. 


[Read at the stated meeting of the Electrical Section, April 5, 1892.) 


In the calculation of the different parts of a dynamo or 
motor, the work is of course divided into the calculation of 
the armature, and that of the field ; but as the capacity and 
smooth operation depend principally upon the construction 
of the armature, it should be worked out first. This work 
is best divided into two parts; and since the dynamo is 
VoL. CXXXIII. 32 
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primarily a generator of E. M.F., the first consists of the 
calculation of those parts which affect the generation of the 
E. M. F., and the second in proportioning the parts that 
they will stand the currents which may be allowed to flow. 

The part of the work which I wish now to consider, is 
that of the generation of the E. M. F. 

For this, one must know to what extent the proposed field 
will saturate the armature core, since the E. M. F. is gener- 
ated by the wires of the armature cutting the lines of force 
which the field causes to pass through the armature core. 

One definition of a unit of E. M. F., is that E. M. F. gen- 
erated by a conductor cutting one line of force once a 
second. Broadly the E. M. F. generated = lines of 
force cut X number of times they are cut per second. The 
E. M. F. is consequently proportional to the number of lines 
of force cut, and also the rate at which they are cut. 

‘The rate at which the lines of force are cut is easily 
obtained, for the total number of conductors on the surface 
of the armature 7, multiplied by the revolutions per second 
R, gives the number of conductors which cut the lines of 
force in a second, or the rate per second. 

The number of lines of force cut is obtained by multi- 
plying the number of square inches of iron in the cross-sec. 
tion of the armature core C, by the number of lines of force 
which is known will produce the desired degree of satura- 
tion Z. Knowing the rate of cut- 
ting, and the number of lines of 
force, we have then the E. M. F. 
(in absolute units) 


ORE 


E.M.F. TXRXCX wollte. 


10° 10° 


This equation has only one factor about which there can 
be any uncertainty, which is the factor Z; but as a very 
slight acquaintance with the form of dynamo to be con- 
structed, or a careful calculation of the magnet circuit, will 
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give the possible degree of saturation, there can be said to 
be very little uncertainty even in this factor. 

The most satisfactory degree of saturation of the arma- 
ture core, is with 90,000 to 100,000 lines of force per square 
inch of iron in the cross-section of the armature core, which 
can be obtained with the usual percentage of watts used in 
the field. 

The annexed chart will greatly facilitate this calculation. 
It is of the same general plan as Mr. Carl Hering’s wiring 
charts published in his Wiring Computer, and is used in the 
same manner. The interpolations for values between the 
diagonal lines are different in this chart, as the readings in 
the upper left-hand field should be along a horizontal line, 
and those in the upper right-hand, and in the lower left-hand 
field, should be along vertical lines. 


It will be noticed that although the chart covers all the’ 


usual sizes of generators, yet calculations can be made with 
it far beyond its limits, as the different factors are so related 
to each other that where one is changed another can be 
changed porportionately, except in the case of lines of force 
per square inch. In the case of lines of force per square 
inch, values cannot be obtained higher than 100,000 lines 
per square inch with economy, on account of the iron being 
saturated at about that point. 

If higher values of E. M. F. are desired than those given, 
the figures in the scale of E. M. F. can be doubled, provided 
any one of the others, except the lines of force per square 
inch, is doubled also. 

Or if very low values of E. M. F. are desired, the scale of 
E. M. F. can be divided by any factor, provided any one of 
the other scales be divided by the same factor. 

As an illustration of the use of the chart, let us suppose 
we have a dynamo having 200 times on the surface of the 
armature sixty square inches of iron in the cross-section of 
the armature core, and we desire to know at what speed it 
will be necessary to run the armature to generate 200 
volts. Starting at the 200 point in the column marked 
“E, M. F. generated,” follow the line to the left until it 
intersects the line representing 200 turns; then follow the 
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vertical line from that point until it intersects the line repre- 
senting sixty square inches cross-section; then follow the 
line to the right until it intersects the line representing the 
probable degree of saturation, which in this case we will 
say is 100,000 lines of force per square inch. The speed line 
which also crosses at this point is the speed required, and 
is exactly 1,000 revolutions per minute. If only 90,000 lines 
of force per square inch could be obtained, the speed 
required would then bea little over 1,100 revolutions per 
minute. It will be noticed that the form of the armature, 
amount of active wire, or volts per foot of active wire, do 
not enter into the calculation. In this method the number 
of lines of force which pass from any one pole into the 
armature core and the rate which the wires cut these lines 
of force form the basis of calculation. 

The maximum P, D, is between two points on the arma- 
ture wire which just include all the lines of force which 
pass through the armature, to or from any one pole, as at a 
and @ in the figure, if we are working with the lines which 
pass from the north pole. 

As far as the E. M. F. generated between a and @ is con- 
cerned, it makes no difference in a ring armature what 
becomes of the lines of force after they pass those points, 
or what the other wires on the surface of the armature are 
doing. Ina two-pole field the other portion of the arma- 
ture wire, passing under the south pole, cuts the same lines 
of force, and consequently the same number, and since the 
rate of cutting them is the same, the E. M. F. generated is 
exactly the same as that generated under the north pole. 
But as these two E. M. F.’s are in opposite directions no 
current flows around the armature, although the points of 
greatest P, D, are joined together by the parts of the arma- 
ture wire not under the poles. 

Since what becomes of the lines of force after passin 
the points a and 6 of a ring armature, or what the armature 
wires not between a and @ are doing, makes no difference t 
the E. M. F. generated between a and 3, the lines of force 
may be divided so as to pass from the armature intc 
different poles, and the armature wires not between a and 
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may pass under any odd number of poles, and may generate 
under those poles different E. M. F.’s from those under the 
pole first considered. It is usual, however, to so build the 
different portions of a multipolar field, that the E. M. F. 
generated under the poles is the same in amount, in order 
that all the terminals of the same potential may be joined 
together, thus connecting the different portions of the 
armature in parallel. 

The methods of calculation given above, either by 
formula or chart, deal with the generation of the E. M. F. 
under one pole only, and consequently can be used for any 
direct current dynamo having a ring armature, whether for 
bipolar or multipolar fields. 

In the case of drum armatures the conditions are a little 
different, as the return portion of a wire under the north pole 
passes under the south pole and generates an E. M. F. whichis 
added to that generated under the north pole, increasing the 
E. M. F. between a and 6. But the adjoining wire does not 
give its E. M. F.to a and 4, but to corresponding points 
adjacent to the south pole. Consequently, it may be con- 
sidered that the one wire offsets the other, and the same 
formula and the chart hold good for drum armatures also. 

In cases of multipolar machines having the E. M. F.’s 
generated under like poles in series, the E. M. F., either of 
formula or chart, should be increased in proportion to the 
number of such poles. 

The square inch of iron in the cross-section mentioned 
above has reference to the iron in the cross-section through 
which the lines of force pass from any one pole. 

The E. M. F. generated may be that of a dynamo, or that 
of a motor in the form of counter E.M. F. In each case 
allowance should be made for the loss in voltage due to the 
resistance of the armature, and also to whatever loss of 
E. M. F. there may be due to the lead of the brushes. 
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BOOK NOTICES. 


Woodbridge School Essays. No.1. Theoretical Astronomy. Dynamics of 
the Sun. By J. Woodbridge Davis. New York: D. Van Nostrand Com- 


pany. 

This work is apparently intended to bring before the scientific world an 
hypothesis by which the explanation of a number of cosmical phenomena is 
attempted that have heretofore defied rational explanation. 

The author begins with an analytical examination of the dynamic rela- 


_ tion existing between the atmosphere and the nucleus of an imaginary orb, 


the atmosphere consisting of the vapors of the fluids and solids composing 
the nucleus. The laws governing the evaporation or condensation or both 
in the several strata of the atmosphere, as dependent on the conditions of 
heat, are carefully evolved and analytically presented. 

Upon applying the results of this analysis to the sun, the author con- 
cludes that there is evaporation but no condensation on the sun, the vapors 
formed possessing such a tension that the velocity attained by adiabatic 
expansion is sufficient to hurl the molecules into space beyond the reach of 
solar attraction. In order to account for the heat required, it is assumed that 
at the exalted temperature prevailing on the sun the so-called hemical 
elements are dissociated into a lower grade of elements capable of reuniting 
as the temperature on the surface of the nucleus is lowered to the limit of 
dissociation. 

This outflying solar atmosphere, in reflecting the solar light, is assumed 
to account for the corona and the zodiacal light. Then it is shown that this 
current, in sweeping past the planets, dividing, as a stream of water would 
on encountering an immersed sphere, not only carries away portions of the 
planetary atmospheres ultimately denuding those orbs of the last trace of 
their gaseous envelopes, as shown by the moon, but, being charged with 
positive electricity, resulting from the process of elementary combination, 
this current is supposed to account for many magnetic and electric 
phenomena observed on our globe. And finally, by describing comets as 
being surrounded by atmospheres of enormous dimensions, of which a por- 
tion is swept into space, the phenomenon of cometary tails is explained. 

This work, abounding with assertions of a purely hypothetical character, 
fails to carry conviction to the reader. Indeed, he feels that, while this 
theory appears to throw light on some phenomena, it precludes the explana- 
tion heretofore given to others. The theory of Laplace is reversed ; pro- 
gressive dispersion of the mass of the sun is put in place of progressing 
concentration. The student is led to ask himself why the forces, inherent in 
the sun, tending to disperse this mass, will not act more rapidly, since we are 
wont to see such phenomena take the form of sudden explosions, as exem- 
plified by allowing the superheated water of a steam boiler to escape from its 
confinement. The author here avails himself of the hypothesis of the com- 
posite nature of the so-called elements and their dissociation at high temper- 
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ature. No satisfactory explanation is given why the equatorial streams of 
the solar atmosphere should predominate to such a degree as would be nec- 
essary to account for the convergent form of the zodiacal light. Then it 
would be more consistent with modern notions to assume that the outlying 
atmosphere, on encountering a planet, would be intercepted and arrested 
rather than deflected and thrown aside, such deflection being always a result 
of decreased pressure due to reaction, and the pressure of the outlying 
atmosphere being almost infinitesimal, it is difficult to imagine a cause for 
deflection. One would therefore expect an increase of the atmospheres of 
secondary orbs rather than a diminution. The theory of magnetic and 
electric phenomena appears strained in many respects. It is by no means 
clear why the particles projected into space should be charged with 
electricity. And if such were the case, the mass of the sun must have long 
since been overcharged with negative, and that of the earth with positive 
electricity, and the admission at the end of the respective chapter that 
“according to the theory, the sun is becoming negatively charged, and the 
planets positively charged with electricity,’’ makes an impression as if some 
one would admit that a drop of water may occasionally come down the Falls 
of Niagara. In support of the assertion that the nuclei of comets are sur- 
rounded by immense atmospheres, the records of observations are quoted 
according to which stars seen through the cometic vapors showed a sensible 
increase of brilliancy, while according to our knowledge of optics, stars 
seen through a refracting sphere should have shown a diminished brilliancy, 
except if the observer had been within the focal distance of this cosmic lens. 
The analysis of the dynamics of atmospheres surrounding celestial orbs, 
notwithstanding the difficulties which such an abstruse subject necessarily 
presents, is well conceived and carefully carried out, but the theory of the 
outflying atmosphere of the sun is so radically at variance with modern con- 
ceptions and appears to be so replete with inconsistencies that it is not likely 
to find a permanent place in theoretical astronomy. H. B. 


The Elements of Physical Geography, for the use of schools, academies and 
colleges. Edwin J. Houston, A.M., Prof. of Physical Geography and 
Natural Philosophy in the Central High School of Philadelphia, etc. 
(Revised edition.) Philadelphia: Published by Eldredge & Bro., No. 17 
North Seventh Street. 1891. 

The unqualified success of the original edition of this admirable work, as 
evidenced by its extensive adoption throughout the country as a text-book 
in the schools, has amply justified the warm praise bestowed upon it in the 
Journal by the present reviewer on its first appearance. The present edition 
is a revision of the original, which, the author explains, has been made 
necessary by the progress of science, which has required the abandonment of 
certain theoretical views and the modification of others, by reason of the 
expansion of our knowledge. 

We are pleased to notice that the author has wisely held fast to the same 
general style of treatment, and to the same order of sequence of topics 
followed in the original impression of the work. While a careful reading of 
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the present edition and an inspection of the illustrations reveal the hand of 
the judicious reviser in many places, the book retains its identity, and in its 
present form, we doubt not, will prove more acceptable than ever to the 
fraternity of teachers. W. H. W. 


Brick for Street Pavements. An account of tests made of bricks and paving 
blocks, with a brief discussion of street pavements and the method of 
constructing them. By M. D. Burke, C.E. Cincinnati: Robert Clarke 
& Co. 1892. 8vo. Paper. Price, 50 cents. 

The pamphlet above-named contains the record of what appears to be a 
very thorough series of tests made by the author upon fifteen samples repre- 
senting as many varieties of bricks and blocks manufactured for street paving 
purposes. Each sample was from a different establishment, and the whole 
collection, the author believes, fairly represents the paving brick of the day, 
as ‘manufactured in various parts of the United States. ; 

The examination made embraced a chemical analysis, tests of water 
absorption, specific gravity, transverse and crushing strength, and resistance 
to abrasion and impact. Details of the entire work, the history of the 
samples, the mode of preparing them for test, the data of the tests themselves 
and the results arrived at, are presented in the text and in tabular form for 
better review and comparison. 

The pamphlet contains besides this (which constitutes of course its chief 
value), some useful considerations from the engineer's standpoint, on the 

general subject of street paving, municipal methods, etc. W. H.W. 


The Transition Curve Field-book, Containing full directions for adjusting 
and locating a curve nearly identical with the cubic parabola in transition 
between any circular railroad curve and tangent. By Conway R. 
Howard, C.E. New York: John Wiley & Sons. 109 pp. Bound in 
morocco, with flap. Price, $1.50. 

This work is issued in convenient pocket book form, for the service of 
engineers engaged in the location of lines of railway. With the aid of the 
general table which the author gives, the engineer is enabled readily to 
adjust the transition curve, so as to connect with any circular curve. The 
application of the method is fully illustrated by rules and examples. The 
utility of the book is enhanced by the introduction of tables of radii, sines, 
tangents, versed sines and external sextants. W. 


Notes and Examples in Mechanics, with an appendix on the graphical 
statics of mechanism. By Irving P. Church, C.E., Associate Professor 
of Civil Engineering, Cornell University. New York: J. Wiley & Sons. 
146 pp., 138 illustrations and six plates. Price, $2. 

The “notes and examples,” which Prof. Church presents in this volume, 
are designed especially for the use of advanced students of mechanics. 
They are intended to illustrate the application of first principles in mechanics 
of solids. An appendix treats of the “Graphical Statics of Mechanism.” 
The author's experience as a teacher has well qualified him for undertaking 
the difficult task of presenting his subject clearly, and in his selection of 
problems he has been very judicious. W. 
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Franklin Institute. 


[Proceedings of the stated meeting, held Wednesday, May 18, 1892.) 


HALL OF THE FRANKLIN INSTITUTE, 
PHILADELPRIA, May 18, 1892 
Jos. M. WILSson, President, in the chair. 

Present, 132 members and twenty-two visitors. 

Additions to membership since last report, nine. 

Mr. W.S. Collins, of New York, read a paper descriptive of the system 
of using petroleum for fuel purposes, as practised by the Aérated Fuel Com- 
pany, of Springfield, Mass., illustrating with the aid of lantern slides, the 
mechanical features of the same. The system consists substantially in the 
employment of compressed air as the vehicle for conveying the oil to the 
point of combustion, and spraying it into the furnace. This method per- 
mits of the location of the oil reservoir de/ew the level of the furnaces, thus 
obviating the danger of flooding the latter with oil in the event of accident by 
leakage or break-down. (Mr. Collins’ paper has been referred for publica- 
tion). 

Mr. C, J. Hexamer presented a paper giving his views of the proper 
method of constructing buildings designed to be used as theatres, and on 
the provisions necessary to be made in the interior arrangement and fitting 
up of such buildings in order to insure adequate protection of human life 
and property against destruction by fire. In connection with Mr. Hexamer’s 
paper, Mr. Nelson, of New York, exhibited a number of specimens of various 
textile fabrics and wood that had been subjected to treatment by the Martin 
fire-proofing process. The experiments which were made in demonstration 
of the resistance of these specimens to the spread of fire, when brought in 
contact with, or held for some time directly in the flame of, a gas jet or Bunsen 
burner were highly successful. 

The subject elicited a general discussion. (Mr. Hexamer’s paper was 
referred for publication.) 

The Secretary presented, on behalf of Mr. Elwood Ivins, a handsomely 
framed set of specimens of metal tubes of steel, brass, copper and aluminum, 
among which were a number that were of extremely small diameter, and in 
lengths of thirty or more feet. These tubes are seamless, without solder or 
weld, and are made by a process devised by Mr. Ivins. 

Mr. W.N. Jennings exhibited and described a number of remarkable 
lightning photographs lately made by himself. In order to permit of the 
more satisfactory and accurate study of the lightning image, Mr. Jennings 
explained that he had used for these pictures the stereoscopic camera. A 
number of prints of such pictures mounted in a hand stereoscope were passed 
about for inspection. Mr. Jennings remarked that so far as he was aware he 
was the first to employ the stereoscope in this work, and that he was pleased 
to be able to give the members of the Institute the opportunity of inspecting 
the first pictures of the kind ever made. 

Adjourned. Wm. H. WARL, Secretary. 
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E. & F. N. Spon, London. 
Joun Wivey & -Sons, New York. 


CROSBY STEAM GAGE & VALVE CO. 


Sole Proprietors and Manufacturers of 


Crosby Pop Safety Valves and Water Relief Val 
Crosby Improved Steam Pressure Gages, Single 
Chime Whistles. 


CROSBY STEAM ENGINE INDICATORS, 


Unrivalled for perfection of design and workmanship, and for the 


other SPECIALTIES and BOURDON GAGES, for all pu ; 
also, | in = instruments and appliances used on 

Engin 

Geo. H. CRosBY. Vv PrEST $2 


Geo. Treas. 95 & O7 OLIVER ST., BOSTON, MASS. 
Wee $75 QUEEN VICTORIA ST., LONDON, ENG. 


On the market 
evator for two years. 

Over 150 of our new Electric Eleva- 
tors in satisfactory operation. 


It can be attached to any Electric 
light or power line; and is ready to run 
at any time. 


OTIS BROTHERS & Co. 
38 PARK ROW, 


NEW YORK. 


— 


remarkable accuracy of their indications: also, manufacturers of 


AS 


Bell 
~ ab 
rT 
Lis 
itl 
a 
ae 
4 
4 


Fournal of the Franklin Institute— Advertisements, 


INDEX TO ADVERTISERS. 


Page 
Albany Steam Trap 
American Writing Machine Co 
Fourth cover page 
Barnett, G. & H., File Works, Phila ..xvim 
Bement, Miles & Co 


oe... Premium, The FRANKLIN 
INSTITUT... 
Bridgeport Mach. Tool Works, Tools,.vit 
Brill, J. G. & Co., Car Works, Phila.....x11 
Burk & McFetridge, Printers, Phila......xx 
Calmore & Co., Patent Causes 
Champion Blower and Forge Co. ...... 
Chester Steel Castings Co., Phila 
Cramp, William & Sons’, The, Shi 
and Engine Building Co., Phila... ..x 
Cresson, Geo. V., Shafting, etc = 
Crosby Steam Gage and Valve Co... 
Fairmount Machine Company 
Gage Machine Works 
Gardiner, H. A. & Co., Engineers, 
Second cover page 
Gould & Eberhardt, Drill Presses....... 1V 
Hammond Typewriter,..... shane 
Harlan & Hollingsworth Co., The, 
Ship Builders, Wilmington, Del, ..x1x 
Harrisburg Foundry and Machine 


Hartford Steam Boiler Inspection 
and Insurance Company, Hart- 
ford, Conn 
Higgins, C. M. & Co., Inks 
Third cover page 
Howson & Howson, Patent Solici- 
tors, Phila. and Washington, 
Second cover page 
Mfg. Co., Belting, 


Second cover page 
Konigslow, E., Models, 


Landenberger, H., Laboratory Sup- 


Lane & Bodley Co., Engines, &e XVII 


Lord’s Boiler Compound.... 
Mergenthaler Printing Co............... «XXII 
Morse, Williams & Co., Elevators, 


Munroe, R. & Son, Boilers 
Naylor, Jacob, Steam Engines, &c., 
Phi 


Otis Bros. & Co., Elevators 


Palmer, Cunningham & Co............. 
Pedrick & Ayer...... 
Pratt & Whitney Co., The, Machine 

Tools, Hartford, Conn 
Philadelphia Blue Print a 
Phosphor-Bronze Smelting Co...,.... XXII 
Prentice Bros., Drill Presses.............. Vil 
Richards & Co., ve and 

Chemists’ 
Rue Manufacturi 
Shutte, L. & Co., 
Schleicher, Schumm & Co., “Otto” 

Gas Engine, Phila. and Chicago,...XIV 
Scott Legacy Medal and Premium, 

The FRANKLIN INsTI- 

Sellers, Win, & Co., Machinists, 

Southwark Foundry and Machine Co... 
Spon & Chamberlain, Publishers, N. Y.. 4 
Standard Steel Works, R, R. Tires,.....X1 
Starrett, L. S., Fine Tools 
Stern, Edward & Co,, Printers, Phila......x 


Stevens Institute of Technology, 


Stokes & Parrish, Elevators, Phila...... 


Stow Flexible Shaft Co., Portable 
Machinery, Phila............ 


Thomson-Houston Electric Co., Bos- 


Trautwine’s Engineers’ Pocket-Book... 

Troemner, Henry, Balances, Phila 

United Gas Improvement Co... .........+ 

Westinghouse Air Brake Co., Pitts- 


Warehouse, Phila...... XIV 


ee 
P 
| 
veeeeX VII 
accep 
| | 
| 
+ 
ae 
Hoboken, N. J XXIV 
Bis 
Jones, J., & Son, Manufacturing ret 
ig 


Sournal of the Franklin Institute— Advertisements. iii 


ORGANIZED, 1866. 


THOROUCH INSPECTION. 


insurance against loss or damage to property and loss of life 
and injury to persons caused by 


STEAM BOILER EXPLOSIONS. 


Full information concerning the plan of the Company’s operations can be obtained at the 


COMPANY’S OFFICE, 


HARTFORD, CONN. 


OR AT ANY AGENCY, 


ALLEN, Pree, W. B. PRANKLIN, V. Pres, 


PRANCIS B. ALLEN, Pres. J. B. PIBRCE 


BOARD OF DIREOTORS. 


J.M.A President. 

FRANK W. cw CHENEY, Treas. Cheney Bros.’ 
Silk Manufacturin, Co. 

CHARLES M. BEAC of Beach & Co. 


wood Brainard Co. 
Gzxn. WM. B. FRANKLIN, Late Vice-Pres. 
Colt’s Pat. Fire Arms Mfg. Co. 
NEWTON oly of The Case, Lockwood & 
Brainard Co. 


NELSON HOLLISTER, of State B’k, Hartford. 
Hon. C. ROBINSON, Attorney-at-Law, 


ford. 

Hon. FRANCIS B. COOLEY, of the National 
Exchange Bank, Hartford, Conn. 

A. W. JILLSON, late Vive-Pres., Phoenix Fire 
Ins. Co., Hartford, Conn. 

EDMUND A. STEDMAN, Treasurer of the 
Fidelity Company of Hartford, Conn. 

CLAPP SPOONER, Bridgeport, Conn. 

GEORGE BURNHAM, Baldwin Locomotive 
Wor' 

| Hon. N, SHIPMAN, Judge, U. 8. Circuit Court. 


GENERAL AGENTS. OFFICES. 
THEO. H. BABCOCK, New York City, Office, Broadwa 
CORBIN & GOODRICH, Philadelphia. 430 Walnut 

n, m n 

C. E. ROBERTS, Providence, R. ., be 29 Weybosset St. 
H. D, P. BIGELOW, Chicago, I11., ” 112 Quincy Street. 
©. C. GARDINER, St. Louis, Mo., “ 404 Market Street. 
L. B. PERKINS, Hartford, a 218 Main Street. 
W. G. LINEBURGH & SON, Bridgeport, ad 94 State Street. 
GEO, P. BURWELL, Cleveland, x 208 Superior Street. 
MANN & WILSON, San Francisco, e 306 Sansome Street 
W. 8. HASTIE & SON, Charleston, 8. C., e 44 Broad Street. 
FRI ZOLLARS, Denver, Col., sa ra House Block, 
J. MOCARY & CO., Birmingham, Ala. First Avenue. 
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BEMENT, MILES CO. 


W. B. BEMENT & SON and THE MACHINE TOOL WORKS, 


PHILADELPHIA, 


MANUFACTURERS OF 


Metal Working 


Machine Tools 


of all descriptions, and a great 
Bumber of sizes, including 


Lathes, Planers, Drills, Shapers, Slot- 

ters, Milling and Boring Machines, 
Steam Hammers, Steam and Hydraulic 
Riveters, Cranes, Punches, Shears, = 
Bending Rolls, Plate Planers, Etc., Etc. ™ 


N. J. R. R. AVE. 


GREEN AND BRUEN STS, 
NEWARK, N. J. 


SHAPERS 


50 to 100 Per cent. more 
stroke given over any 


—e€ other make on the 
market. 


Cut represents 16”, 20’ and 24’ strokes. 


Triple Quick 


(TRADE MARE.) 


PROMPT SHIPMENT ON ALL SIZES, 
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Southwark Foundry and Machine Co. 


PHILADELPHIA, PENNA. 


CHICAGO, 352 Rookery 
ST LOUIS, 1284 Clark Av, 


SOLE MAKERS OF THE 


PORTER-ALLEN AUTOMATIC ENGINE. 


Simple, Compound or Triple Expansion. 
ALSO BUILDERS OF 


BLOWING ENGINES, REVERSING ENGINES, HYDRAULIC CRANES, 
CENTRIFUGAL PUMPS, ACCUMULATORS, BOILERS, TANKS, Etc. 


The Indispensable Lathe Dog 
DROP FORGED FROM BAR STEEL. 


ONE SET OF THREE, INCLUDING Nos. |, 2 and 
3, WILL DO THE WORK OF FROM TEN 
TO TWELVE ORDINARY DOGS. 


No. 0 for Tool Amateurs takes from 


No. 1 for General Lathe Wack takes from ‘4 to 1% 


* 2 for General Lathe Work takes from % to 2% 


‘ 3 for General Lathe Work takes from 1 to 34 
inch, pases, . 3 50 


Price, per set of three, including Nos. 1, 2 and 3, 
taking from 4 to34inches,.......... 7 


PALMER, CUNNINGHAM & CO,, Limited, 607 Market St., Philadelphia, Pa, 
USE DIXOW’S PENCILS 


FOR DRAFTING AND DRAWING. 


They are unequalled for Smooth and Tough Leads. If your stationer does not keep 
them, mention Franklin Institute, and send 16 cents in stamps to the Joseph Dixon 
Ceucible Co., of Jersey City, N. J., for samples worth double the money. 
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Wm. Sellers & Co. 


INCORPORATED, 


PHILADELPHIA, PA. 


MANUFACTURERS OF 


Machine Tools for Working Iron and Steel, 


PLANERS, DRILLING AND BORING MACHINES, LATHES, ETC. 


Steam and Hydraulic Riveters, Steam 
Hammers, 


PUNCHING AND SHEARING MACHINES, BENDING ROLLS, PLATE 
PLANERS, ETC. 


Improved High Speed Travelling Cranes. 
POWER SWING CRANES. 


Turn-Tables. 


4 
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Shafting, Pulleys, Hangers, Etc., Etc. 


Injectors for Locomotive, Stationary and 
Marine Boilers. 


Improved Testing Machines, 


UNDER PATENTS OF A. H. EMERY. 


GRAND PRIZE, PARIS, 1889. 
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METALINED OR O/ILLESS BEARINGS 
uire no oil or other lubricant, 
either at the start or occasionally 
afterward, and will run dry for years, 
as can be demonstrated by use or the 
testimony of ‘our many customers. 
There are cheap imitations on the 
market, called ‘Self-lubricating,’’ 
“Anti-friction,” etc., etc., which look well and apparently 
give satisfaction at the start, but eventually fail to stand the test of time and 
service, although claiming to be superior or equal to Metalined Bearings. 
—=—Until Metaline was fitst introduced to the public, no one had ever success- 
fully run a bearing for any length of time without the use of oil or some other 
lubricant. We are tke successors of the original Company which first placed 
this Oilless Bearing on the market and are now the sole and exclusive 


manufacturers. North American Metaline Co. 


West Avenue, near Ferries. LONG ISLAND CITY, N. Y. 


SPECIAL NOTICE. 


AN +INDEx * 


The Journal of the Franklin Institute, 


Vols. I to CXX (1826 to 1885), 
has been published by the Institute. ; 

Individuals, Institutions and Libraries having full sets or parts 
of sets of the Journal, will find this index invaluable in referring 
to back volumes. 

The edition is limited, and when exhausted cannot be dupli- 
cated, as no stereotype plates have been made, 

Price, postpaid, $5.00 per copy in paper covers. Correspond- 
ence relative to the completion of incomplete files of the Journal 
is solicited, our stock of back issues being full, with but few ex- 
ceptions. 

Address communications to 


ACTUARY OF FRANKLIN INSTITUTE, 
15 South Seventh St. PHILADELPHIA, PA. 
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PRENTICE BROS. 


WORCESTER, MASS. 


Makers of Vertical Drill Presses from 12 to 50- 
inch swing; also Universal Radial Drills in 
two sizes, from 48 to 72-inch, and ten sizes of 
Gang Drill weighing from 4,000 to 30,000 Ibs, 
Boiler Wall Drills, Radial Counter Sinking 
and Drilling Machines, with 15-foot arm, for 
ship plate and bridge work. lathes from 12 
to 28-inch swing, any length of bed. 


PRoPR: 


BRIDGEPORT: 
CONN: 


H. LANDENBERCER, 


25 AND 27 N. THIRTEENTH STREET. 
PHILADELPHIA. 


CHEMICAL APPARATUS, 
LABORATORY SUPPLIES & CHEMICALS, 


PROF. WOLPERT’S AIR TESTERS. 
BALANCES AND WEIGHTS, 
BOHEMIAN AND GERMAN 
GLASSWARE, BURNERS, 
PORCELAIN, FILTER- 
PAPER, HYDROMETERS, 
THERMOMETERS, ETC. ; 
Strictly Chem. Pure Acids and 
Chemicals. 


Catalogue mailed upon application. 
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NOW REATY. 
Dynamo-Electric Machinery, 


BY 
SILVANUS P. THOMPSON, D.Sc., B.A., F.R.S. 


FOURTH EDITION. 


One LARGE 8vo VOLUME Revised and REWRITTEN. 
WITH ABOUT 


ONE THOUSAND PAGES OF TEXT, PROFUSELY ILLUSTRATED. 


AND 
TWENTY-NINE PLATES. 


SYNOPSIS OF CONTENTS. 

Introduction ; historical notes; physical theory of dynamo-electric 
machines ; actions and reactions in the armature ; magnetic principles, and 
the magnetic properties of iron ; the magnetic circuit ; forms of field-mag- 
nets; elementary theory of the dynamo—magnetic and separately-excited 
machines—series machines—shunt machines ; characteristic curves ; constant 
potential dynamos; on winding of armatures—theory of connections; prac- 
tical construction of armatures; commutators, brushes and brush holders ; 
mechanical points in design and construction ; elements of dynamo design 
—calculations of windings; arc-lighting dynamos; examples of moderu 
dynamos (continuous current); miscellaneous dynamos; electric motors 
(continuous current); modern forms of continuous current motors ; the prin- 
ciples of alternate currents; alternators; alternate current motors; trans- 
formers ; electric transmission of energy; regvlators for dynamos; testing 
dynamos and motors; management of dynamos. 

Appendix A—Electric and Magnetic Units. 


Appendix B—Wires for Winding Dynamos. 


Price, $9.00, Postage or Express prepaid. 


Spon & Chamberlain, 
PUBLISHERS AND IMPORTERS OF SCIENTIFIC BOOKS 


12 Cortlandt Street, New York. 


SOLE AGENTS IN THE U. S. FOR THE PUBLICATIONS OF 
E. & F. N. SPON, LONDON. 
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WE GIVE SPECIAL ATTENTION TO THE 


PRINTING 


AND GIRGULARS 


Our Designs are tasteful. Our prices are moderate, Our facilities 
for promptly filling all orders, whether large or 
small, are unsurpassed. 


Printing also in German, French, Spanish or Italian 


(INCLUDING TRANSLATION.) 


EDWARD STERN & CO. 


BOOK, NEWSPAPER AND JOB PRINTERS, 
N. E. CORNER TENTH AND FILBERT STS., PHILADELPHIA 


Reputation, Shattered 


Is difficult to rebuild. The reputation made by Frencn SATIN 
as the highest grade blue print paper on the market is sé// sus- 
tained. Its manufacturers do not believe in the rebuilding 


process. 
There is but one genuine French Satin, and the Philadel- 


phia Blue Print Co. are the only importers. The genuine bears 


FRENCH SA along the border. 
Look for it 


PHILA. BLUE PRINT Co., 
Philadelphia, Pa,U.S. A. 


EHLEVATORS, 


PASSENGER AND FREIGHT 
FOR HOTELS AND BUSINESS HOUSES 


HYDRAULIC AND STEAM-POWER. 


isting Machinery for Iron Furnaces, Mines, Inclined Planes 
PORTABLE HOISTS, AND ALL KINDS OF HOISTING 
MACHINERY A SPECIALTY. 


STOKES & PARRISH ELEVATOR CO. 


MAIN OFFICE: BULLITT BrILDING, PHILADELPHIA. 
New York Office: 18 Cortlandt St. Works: 30th & Chestnut Sts., Philadelphia. 
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The Boyden Premium. 


URIAH A. BOYDEN, ESQ., of Boston, Mass., has deposited with the 
FRANKLIN Institute the sum of one thousand dollars, to be awarded as a Pre- 
mium to 


“Any resident of North America who shall determine 
by experiment whether all rays of light, and 
other physical rays, are or are not trans-. 
mitted with the same velocity.” 


The following conditions have been established for the award of this Premium : 

1. Any resident of North America, or of the West India Islands, may be a com- 
petitor for the Premium; the southern boundary of Mexico being considered as the 
southern limit of North America. 

2. Each competitor must transmit to the Secretary of the FRANKLIN INSTITUTE a 
memoir, describing in detail the apparatus, the mode of experimenting, and the results; 
and all memoirs received by him before the first day of January, one thousand eight 
hundred and ninety-three, will, as soon as possible after this date, be transmitted to the 
Committee of Judges. 

3. The Board of Managers of the FRANKLIN INSTITUTE shall, before the first day of 
January, one thousand eight hundred and ninety-three, select three citizens of the United 
States of competent scientific ability, to whom the memoir shall be referred; and the 
said Judges shall examine the memoirs and report to the FRANKLIN INSTITUTE whether, 
in their opinion any, and, if so, which of the memoirs is worthy of the Premium. And, 
on their report, the FRANKLIN INsTITUTE shall decide whether the Premium shall be 
awarded as recommended by the Judges. 


4. Every memoir shall be anonymous, but shall contain some motto or sign by which 
it can be recognized and designated, and shall be accompanied by a sealed envelope, 
endorsed on the outside with some motto or sign, and containing the name and ad- 
dress of the author of the memoir. It shall be the duty of the Secretary of the FRANK- 
LIN INSTITUTE to keep these envelopes securely and unopened until the Judges shall have 
finished their examination; when should the Judges be of opinion that any one of the 
memoirs is worthy of the premium, the corresponding envelope shall be opened, and 
the name of the author communicated to the INSTITUTE. 


5. Should’the Judges think proper, they may require the experiments described im 
any of the memoirs to be repeated in their presence. 

6. The memoirs presented for the Premium shall become the property of the 
FRANKLIN INSTITUTE, and shall be published as it may direct. 


Norg.—The sealed envel»pes provided for in condition No, 4, which may accom. 
pany unsuccessful m:moirs, will be destroyed unopened, in the presence of the Board 
of Managers. 
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THE 
STANDARD 


STEEL WORKS. 


Locomotive and Car 
Wheel Tires, 


PHILADELPHIA, PA. 
METAL PLATE ENGRAVINGS 


Scientific, Artistic and Commercial Illustration, 


Models, Sketches, Designs, Photographs, &c. 


These plates are furnished in hard type-metal, ready for use in the printing press ; 
they are superior to wood-cuts, in accuracy and detail, and lower in price. 
We make a specialty of the manufacture of Illustrated Catalogues. ADDRESS, 


OO. 
7th and Chestnut Sts., Philadelphia. 


J. G. BRILL. GEO, M. BRILL, JAMES RAWLE. 


PHILADELPHIA CAR WORKS. 


j. G. Brill & Co., Car Builders 
Philadelphia. 


Railway and Tramway cars of all kinds. Particular atten- 
tion given to building of cars for export. 


WILLIAM CRAMP & SONS' 


Ship and Engine Building Co. 


PHILADELPHIA. 
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United Gas Improvement Co, 


DREXEL BUILDING, 
Chestnut and Fifth Streets, 
PHILADELPHIA. 


OFFICERS : 


THOMAS DOLAN, President. 
GEORGE PHILLER, ist Vice-President. 


SAM’L T. BODINE, 2d Vice-President and Gen’! Manager. 


RANDAL MORGAN, 34 Vice-President. 
EDWARD C. LEE, Sec’y and Treasurer. 


ALEX. C. HUMPHREYS, Gen’l Sup’t. 
WALTON CLARK, Ass’t Gen’) Sup’t. 


DIRECTORS: 
GEORGE PHILLER, W. L. ELKINS, 
WM. G. WARDEN, P, A. B. WIDENER, 
C. A. GRISCOM. W. W. GIBBS. 


BUILDERS, LESSEES AND PURCHASERS OF 


GAS WORKS 
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“Otto Gas Engine Works” 
SCHLEICHER, SCHUMM & CO. 


33d & WALNUT STS.,PHILA. 130 WASHINGTON ST., CHICAGO. 


Our Engines are Guaranteed to Consume 25 to 75 Per Cent. Less Gas than 
ANY Other Gas Engine Doing the Same Work. 
TWIN ENGINES 


IMPULSE EVERY REVOLUTION. 
The Steadiest Running Gas Engine made. 


Engines and Pumps Combined 


For Hydraulic Elevators, Town Water Sup- 
, or Railway Service. 


Special Engines for 
Electric Light Work. 


Tools Prin for running Elevators, 
Prin — or any kind 
Machin horse-power. 


Established 1729, at Ivy Mills, Delaware Co., Pa. 


JAMES M. WILLCOX & CO. 


WHOLESALE COMMISSION 


Paper §Rag Warehouse, 


No. 509 MINOR STREET, 
PHILADELPHIA, PA. 


Proprietors of Glen Mills, Delaware Co., Pa. 


Manufacturers of Bank Note, Bond and Parchment Papers 
and all Rag, Music and Machine-finished 
Book Papers. 
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i ™ WEST POINT BOILER WORKS, 


Established 1835. 


Steam Boilers, 
Tanks, Sheet Iron Work, etc. 


Intending purchasers will do well to inquire into the merits 
of the Eclipse Manhole and Cover as shown 
in cut. 

Send for catalogue and price-list. 


R. MUNROE & SON, 
2310 SMALLMAN ST., - PITTSBURGH, PA. 


UNIVERSAL DOUBLE TUBE INJECTOR 


The most Complete and Reliable Boiler-Feeder known, 
No adjustment required for varying steam pressure. 
Operated entirely by one handle. 
Will take hot water 
up to 150 deg. Fahr. 
a 


Send for Catalogues 
of Blowers and Ven- 
tilators and Air Com- 


water 
25 feet. 


Send for 72 pressors 


purpos- 

Siphon Pumps for 


lifting and forcing wa- Exhaust Steam Induction Condensers 
ter and other liquids. for all kinds of Steam-Engines. 


L. SCHUTTE & CO., Sole Manufacturers, 
TWELFTH AND THOMPSON STS., PHILADELPHIA, PA. 
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PHEDRICEK & AYER, 


Manufacturers of 
RICHARDS’ PATENT OPEN-SIDE 
PLANERS AND SHAPERS. 
F_ UNIVERSAL MILLING MACHINES. 
= 7 ™ Special Tools for Railway Repair Shope. 


Portable and Stationary Cylinder 
Boring Machines. 


1001 & 1003 Hamilton Street, - Philadelphia, Pa. 

True to Pattern, sound, solid, free from blow-holes and 
of unequaled strength. 

Stronger and more durable than iron forgings in any 
position or for any service whatever. 

20,000 KNUCKLES for M. C. B. Standard Car Cou 
jers, 60,000 CRANK SHAFTS and 50,000 G 
WHEELS, of this steel now running prove this. 

a heads, Rockers, Pisten-Heads, etc., for Locomo- 

ves. 
STEEL CASTINGS of every description. 

Send for Circular and prices to 


Chester Steel Castings Company, 
Works, CHESTER, PA. OFFICE, 407 LIBRARY 8T., PHILA. 


ESTABLISHED 1840. 


HENRY TROEMNER, 
710 Market Street, - Philadelphia. 


MANUFACTURER OF 
Assay Balances, 
Analytical Balances, 


Chemical Balances, Fine Weights, &c., &c. 


4a-Priice List on Application.“@s 


Washing and Testing 
Boilers with Hot Water. 


INJECTORS AND JET APPARATUS. 
Rue M’fg Co., Philadelphia, Pa. 
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FAIRMOUNT MACHINE COMPANY 


SUCCESSORS TO 
THOMAS WOOD & COMPANY 


Twenty-Second and Wood Sts. 


PHILADELPHIA. 
SHAFTINGS, PULLEYS, 
COUPLINGS, FRICTION PULLEYS, 
HANGERS, GEARING. 
Sheave Wheels any size required for Hemp, Manila and Cotton 
Rope Driving. 


Machinery for weaving, beaming, warping, winding, spool- 
ing, reeling, dyeing, sizing, calendering, fulling, scouring, &c. 
Also, power hoisters or elevators. 


Morse Elevator Works. 
MORSE, WILLIAMS & CO. 


and Builders of 


Electric, Hydraulic, Belt and Hand-Power 
assenger and Freig 


. {05 Frankford Ave., one . § Frankford Ave. Wildey 
Office: { Square bel. Girard Ave. | Works: { "ind Shackamaxon Sts. 
PHILADELPHIA, PA. 
108 Liberty Street, New York. 33 Lincoln Street, Boston. 
82 Church Street, New Haven. 1116 ESt., N. W., Washington, D. C.. 


J. LONERGAN & CO. 


211 RACE STREET, 
— Manufacturers of —— 


; Lonergan’s Patent Oilers and Lubricators, 


Raliroad, Machinists, Mill Supplies, 
and Brass Castings. 
Catalogue free on application. 
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For Machine, Railway, Agricultural 


. Reamers, Milling Cutters, Kennedy’s Pat. Spiral Shear 
ae Punches and the Hill Imp’d Aut. Grain Scale. 
SPECIAL MACHINERY. 

Fa Factories equipped with complete plants of Machines, Fixtures, Smal) 
pe Tools and Gauges, for the manufacture of Guns, Sewing Machines and 
a similar articles requiring interchangeable parts. [Illustrated Catalogues 
4 and Price Lists furnished on application. 
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The Pratt & Whitney Co. 
HARTFORD, CONN,, U.S. A. 


. MANUFACTURERS OF 


Flour Mill Roll Grooving Machines, Drop Hammers, Punching Presses, 
Retractile Jib Cranes, Standard Cylindrical and wy Gauges, Cutters 
for Teeth of Gear Wheels, Combination Lathe Chucks, Renshaw 
Ratchet Drills, Taps, Dies, Straight and Taper, Solid and Shell 


GEORGE BARNETT. HENRY BARNETT. 


G. & H. BARNETT, 


BLACK DIAMOND, FILE WORKS 


Nos. 21 TO 43 RICHMOND STREET, PHILADELPHIA, 


THE LANE & BODLEY Co. 
CINCINNATI, 


Manufacturers of 


Corliss Automatic 

Engines 
Of all sizes. Strictly 
first-class in every 
respect. 

Shafiing, Hangers 
and Pulleys, 
Complete Steam 
Plants. 

' SAW MILL MACHINERY. Correspondence Solicited: 
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The Harlan & Hollingsworth Company, 


WILMINGTON, DELAWARE. 


ESTABLISHED IN 1836. 


BUILDERS OF IRON STEAMSHIPS, 


Steamboats and Iron Sailing Vessels of every description. 
Engines, Boilers and Machine Work in general. 


Large Basin Dry Dock on Simpson's Patent 


IN CONNECTION WITH THEIR WORKS. 
New York Office, ROOM 90, BOREEL BUILDING. 


Machines for use by Bri 
rable Engine and Boiler 


Portable Drilling, Tapping, Boring and 


Reaming Machines. 


Machines for Wood Bori 
Portable Polishing and Emery Wheel 
Grinding. 


Stow Flexible Shaft Go. 


LIMITED, 


26th, CALLOWHILL & BIDDLE STS. 
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Quower's, 
MAUST FAN 


» LANCASTER — 
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CO. 


Limited, 


Importers and Manufacturers of 


Chemicals, Assayers and 
Chemists Supplies. 


NEW YORK, NEWARK,N. J., 
41 Barclay Street. 863 and 865 Broad Street. 
CHICAGO, 
112 and 114 Lake Street. 


Burk McFetridge, 


Printing »|_ithography, 


306-308 Chestnut St. 
Philadelphia. 
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“HAMMOND” 


TYPEWRITER. 


Ideal and Universal Keyboards. 


Speed Record Again Broken. 180 words 
in one minute, Chicago, Sept. 12, 1890. 


HIGHEST AWARDS: LONDON, NEW YORK, NEW 
ORLEANS, BOSTON, BRUSSELS, PARIS, 
COLOGNE, ETC. 


THE HAMMOND WON THE FIRST PRIZES IN BOTH OF 
THE LATE NEW YORK TYPEWRITER CONTESTS. 


A Check for $7,267.50 from the U. S. Treasury for 75 Hammonds. 


THE HAMMOND TYPEWRITER Co. 


116 S. Sixth St., Philadelphia. 447-449 East 52d St., New York. 
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LINOTYFE. 


dy, 


The Linotype raises the unit of type composition from a single 
letter to a complete line. It will decrease the cost of type composition 
more than three-fourths as compared with hand type-setting. 

For full particulars, address 

THE MERGENTHALER PRINTING CO. 


154 Nassau Street, New York 
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PHOSPHOR-BRONZE 
REC.TRADEMARKS. |, INGOTS, CASTINGS, WiRE, SHeeT &c. 

THE PHOSPHOR BRONZE SMELTING CO. LIMITED 

512 ARCH ST. PHILADELPHIA PA.U.S.A. 

| ORIGINAL MANUFACTURERS OF PHOSPHOR- 


" 


» BRONZE IN THE UNITED STATES AND SOLE - 
Makers or ‘ELEPHANT BRAND 


JACOB NAYLOR, 
PEOPLE’S WORKS, 


GIRARD AVE. AND FRONT ST. 
PHILADELPHIA. 


Corliss Engines, Boilers & Tanks 


Shafting and Gearing, Couplings, Pulleys and Hangers. 
STEAM AND HAND CRANES AND HOISTING MACHINERY. 


GENERAL AND SPECIAL MACHINERY 


The Rider Patent Automatic Cut-off Engine. 


General Castings of all Kinds in Green 
Sand or Loam. 


THE TUPPER PATENT GRATE BAR 


PATENTS OBTAINED. 


Rejected Cases a Specialty. Patent Causes. 
Personal attention at Washington. 


CALMORE & CO. 


sor Chestnut Street, Philadelphia. 


606 F Street, Washington, D. C. 
Hand-book on Patents mailed free upon request. 
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THE JOHN SCOTT 
Legacy antl Areminny, 


The City of Philadelphia holds in trust under the legacy of 


John Scott, of Edinburgh, 


4 sum of money, the interest of which is to be used for the encouragement of “ in- 
genious men and women who make useful inventions.” The legacy provides for 
the distribution of a Medal, inscribed 


“TO THE MOST DESERVING,” 


and Money Premium in the sum of $20 to such persons whose in- 
ventions shall merit the same. The examination of the inventions submitted for 
the Medal and Premium has been delegated by the Board of City Trusts, of 
the City of Philadelphia, to the Franxuin Institue, and the InstrruTs, under 
the competent assistance of its 


Committee on Science and the Arts, 


undertakes to make the investigations free of charge and to recommend for the 
award all meritorious inventions. 


Applications should be addressed to the 


SECRETARY OF THE FRANKLIN INSTITUTE, 


from whom all information relative thereto may be obtained. 
Pursuant to the regulations for the award of the 


JOHN SCOTT LEGACY MEDAL AND PREMIUM, 


The FRANKLIN INSTITUTE, of the STATE of PENNSYLVANIA, 


has under consideration favorable reports upon accompanying applications. Any 
objection to the propdsed awards, or evidence of want of originality of the inven- 


tion, may be communicated to the Secretary of the Institute within three 
months of the date of notice. 
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Hall of the Institute. 


ApRIL, 1892. 


Notice is hereby given that the Committee on Science 
and the Arts of the FRANKLIN INSTITUTE has recommended the 
award of 


The 
John Scott Legacy Medal and Premium 


GEORGE S. CLARK, 
of Philadelphia, for his 


“IMPROVEMENTS IN SAFETY VAULTS.” 


Any objection to the above recommendation should be 
communicated within three months of the date of this notice 
to the Secretary of the FRANKLIN InstITUTE, Philadelphia. 


WILLIAM H. WAHL, Secretary. 
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Hall of the Institute. 


Jung, 1892. 


Notice is hereby given that the Committee on Science 
and the Arts of the FRANKLIN INsTITUTE has recommended the 
award of 


John Scott Legacy Medal and Premium 


CATHERINE L. GIBBON, 


of New York, for her 


“IMPROVED RAIL FOR STREET RAILWAYS.” 


Any objection to the above recommendation should be 
communicated within three months of the date of this notice 
to the Secretary of the FRANKLIN InstiITUTE, Philadelphia. 


WILLIAM H. WAHL, Secretary. 
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Hall of the Institute. 


Jung, 1892. 


Notice is hereby given that the Committee on Science 
and the Arts of the FRANKLIN INSTITUTE has recommended the 


award of 
John Scott Legacy Medal and Premium 
JOHN F. GOLDING 
AND 


GEORGE B. DURKEE, 


of Chicago, for their . 


«“ EXPANDED METAL AND MACHINERY FOR MAKING 
THE SAME.” 


Any objection to the above recommendation should be 
communicated within three months of the date of this notice 
to the Secretary of the FRANKLIN InstiTUTE, Philadelphia. 


WILLIAM H. WAHL, Secretary. 
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of the Institute. 


Jung, 1892. 
Notice is hereby given that» the Committee on Science 
and the Arts of the FRANKLIN INsTITUTE has recommended the 
award of 


The 
John Scott Legacy Medal and Premium 


CHARLES M. LUNGREN, 


- of New York, for his 
“INCANDESCENT GAS LIGHT.” 


Any objection to the above recommendation should be 
communicated within three months of the date of this notice 
to the Secretary of the FRANKLIN INsTITUTE, Philadelphia. 


WILLIAM H. WAHL, Secretary. 
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Hall of the Institute. 


June, 1892. 
Notice is hereby given that the Committee on Science 


and the Arts of the FRANKLIN INsTITUTE has recommended the 
award of 


The 
John Scott Legacy Medal and Premium. 


EZRA S. McCLELLAN, 


of Paterson, N. J, for his 


“ ANTE-SIPHON TRAP-VENT.” 


Any objection to the above recommendation should be 
communicated within three months of the date of this notice 
to the Secretary of the FRANKLIN INstITUTE, Philadelphia. 


WILLIAM H. WAHL, Secretary. 
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STARKETT’S 


Skilled mechanics 


prefer them. .. Live 


dealers sell them. . 


Send for 


[. S. STARRETT, 


ATHOL, MASS. S. A, 


E. KONIGSLOW, 


MANUFACTURER OF 


Accurate, Light and Special Machinery, 


EXPERIMENTAL AND MODEL WORK. 


Stencils, Steel Letters and Figures, Steel Name Stamps, Checks, Log Hammers, 
Door Plates, Burning Brands, Pune hing Dies, Forming Dies, 


Special Machiner ry. 
Novelties and Patented Articles Manuf’d by Special Contract. 
197 & 199 Seneca St., CLEVELAND, 0. 


JOHN R. NOLAN, 


SOLICITOR OF 


UNITED STATES AND FOREIGN PATENTS, 


903 WALNUT STREET, 


PHILADELPHIA. 
BRANCH OFFICE IN WASHINGTON, D. C. 
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GEORGE Jn., President. CALDWELL, Treasurer. 
T. W. WELSH, Superintend _* W. CARD, Secretary. 
H. H. WESTINGHOUSE, General jac, 


CHE WESCINGHOUSE 


PITTSBURGH, PA., U. S. A. 


MANUFACTURERS OF THE 


The WESTINGHOUSE AUTOMATIC BRAKE is now in use on 24,000 
engines and 325,000 cars. This includes -(with piain brakes) 232,000 freight 
cars, which is about 23 per cent. of the entire Freight Car Equipment of this 
country, and about 80 per cent. of these are engaged in Interstate traffic, afford- 
ing the opportunity of controlling the speed of trains by their use on railways 
over which they may pass. Orders have been received for 173,000 of the 
improved quick-action brakes since December, 1887. 

The best results are obtained in freight train braking from having all the cars 
in a train fitted with power brakes, but several years’ experience has proven con- 
clusively that brakes can be successfully and profitably used on freight trains where 
but a portion of the cars are so equipped. 


E. L. ADREON, Manager. JOHN B. GRAY, Agent. Cc. C. HIGHAM, Gen’! Supt. 
The American Brake Co. 
The Westinghouse Air Brake Co., Lessee. 


New York Office: Chicago Office: 
160 Broadway, John B. Gray, Agent. Grand Pacific Hotel. 


——MANUFACTURERS OF—— 


LOCOMOTIVE + BRAKES. 
General Offices, St. Louis, Mo., U. S. A. 
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THE GENUINE 


Which is acknowledged by authorities and accorded the confidence of 
manufacturers throughout the United States and foreign countries, is 
manufactured exclusively by George W. Lord, practical chemist and 
inventor. Attention is called to other parties, who, through the 
appropriation of my antiquated patent, have deluded many manufac- 
turers into presenting them with their order for Lord’s Boiler Compound. 
The use of the above formula, patented in 1869, has been long discon- 
tinued, owing to my discovery of many new chemicals, which, upon 
critical experiment, have demonstrated their superiority. Lord’s 
Boiler Compound manufactured at the present time is an article 
greatly superior to the formula patented by me in 1869. Address 


GEORGE W. LORD, 316 Union Street, Philadelphia, Pa. 


The Thomson-Houston Electric Co. 


Manufacturer of ELECTRICAL 
APPARATUS FOR 


AND THE 


Electrical Transmission of Power. 


THE THOMSON-HOUSTON ELECTRIC CO. 


620 ATLANTIC AVENUE, BOSTON, MASS. 
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Manufacturers of the Harrisburg | 
Double Engine 


$TEAM ROAD ROLLER. 
Simple, Tandem and Cross- 


~GOMPOUND ENGINES. 
Ide and Ideal. 


ETC. 


Complete Steam-Power 
Plants. 


Engineers and Contractors for 


General Office and Works: HARRISBURG, PA. 


GEO. V. CRESSON. 
Philadelphia Shafting Works, 


EIGHTEENTH & ALLEGHENY AVE., PHILA., PA. 
improved Method of Transmitting Power by Vertical Shafting. 


Avoids of belt-holes and the of belting Soon | floors, THUS 
PREV G FIRE being distributed floor to floor, 

The economy of being enabled to run each floor or room SiGuneaheane of the other. 

As there are no belts from floor to floor, there is no dust or other foreign 


is used a Lower Rate of insurance can be obtained 


Shafting, Full 
Couplings, Assortment 

Hangers, on 

Cearing. Hand. 


IMPROVED PARTING PULLEYS. 
Parting Pulleys ef the above d can be on shaft in a few moments 


| 
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GAGE MACHINE : WORKS 
Machinists’ Tools, 


MODEL MAKING, 
GEAR CUTTING, Etc. 


WATERFORD, N. Y. 
THE STEVENS INSTITUTE OF TECHNOLOGY. 


School of Mechanical Engineering. 
Founded by the _ Edwin AJ)Stevens, at Hoboken, N. J. 


A SPECIALTY. 


“ee eee 


eee 


= 


The Course of the Stevens InstiTuTE is of four years’ duration, and covers all 
that sede wth to the profession of a Mechanical Engineer. By means of workshops 

ed with excellent machinery, Physical Laboratories whose appointments are 
ahem an equal, and with the finest Cabinets of Instruments, every opportunity for 
the acquisition of thorough and practical knowledge is afforded. 


For further particulars, address the President, 
H. MORTON, Hoboken, N. J. 


THE ALBANY STEAM TRAP Co 
RENEWABLE SEATGATE, CHECK VALVES 


ALSO MANUFACTURERS OF 


DUPLEX WATER FILTERS. BOILER PURIFIERS. 


‘ RETURN STEAM TRAPS, STEAM 


SEND For GIRGULARS 


ALBANY STEAM TRAP CO.ALBANY.N.Y. 


| 
ite 
A 
FOX & TURRET 
LATHES 
— —FACULTY— 
i HENRY MORTON, Ph. D., President. 4 
a ALFRED M. MAYER, Ph. f Physics. 
DE VOLSON WOOD, M. ineering. 
© WEBB, C.E., .......++ ++ « Protessor Of Mathematics and Mechanics, 
ug SHARLES W. MacCORD, A.M.,Sc.D.,......... . . Professor of Mechamcal Drawing. 
ALBERT R. LEEDS, Ph. + + « Professor of Theoretical Chemistry, 
CHARLES F. KRCEH, A.M Professor of Languages. 
REV. WALL, «fessor of Belles- 
{AMES E. DENTON M. E., Professor of Experimental Mechanics and Shop Work. 
— - ILLIAM E. GEYER, Professor of Applied Electncity, 
— THOMAS B. STILLMAN, Ph. D., Professor of A Chemistry. 
ADAM RIESENBERGER M.E........... « Instructor in Mechanical Drawing. 
DAVID S., M.E., Instructorin Experimental Mechanics and Shop Work. 
WILLIAM . BRISTOL, + «+ mstructor in Mathematics, 
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Inpex To Votume 


PusLisuep By THE FRANKLIN INSTITUTE, | 


HOWSON AND HOWSON 


COUNSELLORS AT LAW 
SOLICITORS OF 


PHILADELPHIA 

Forrest. Building, 119 South Fourth Street 
NEW YORK 

Potter Building, 38 Park Row 
WASHINGTON 


Atlantic Building, 928 F Street 


JACK KNIFE SWITCHES 


and BLECTRIC BELLS for Railroad Service 
A SPECIALTY. 


Our Bells are made with patented pliable adjustment, which gives with 
the motion of the car or whatever it is attached to, always insuring a per- 
fectly safe contact. We claim for our bells what others cannot: THEY 


KEEP THEIR ADJUSTMENT. 


J. JONES & SON, 


602 W. 22d Street, 


NEW YORK CITY. 
Mention this Journal. 


HENRY A. GARDINER «& Co. 
MECHANICAL AND CONSULTING 


ENGINEERS 


Designs, Plans and Specifications furnished for Mills and Factories. 
Estimates and Superintendence given on Structural Work. 

Experts in Damage Cases. 

Surveys Made and Court Plans Furnished. 

Designing and Draughting of Special Machitiery. 


Perfecting of Mechanical fa ventions. 
Complete Detail Working Drawings and Tracings neatly and accurately executed, 


PATENT OFFICE DRAWINGS. 
329 Walnut Street, Philadelphia, Pa. 
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HIGGINS® 
DRAWING 
BOARD 
MUCILAGE 


A novel semi-fiuid adhesive 
of great strength and body, 
specially prepared for sticking 
Reauinine A E. paper tothe Drawing Board, or 
es any similar work requiring a 
quic <-acting and powerful ad- 
hesive. 


These are not PASTES-—are not made from flour or like decay- 
able substance— but are truly VEGETABLE GLUE,” the result of a 
new chemical discovery, They are warranted to keep perfectly 
good for any length of time and to contain no injurious ingredients. 

The high reputation of Higgins’ American Drawing inks, also 
manufactured by us, is tuily sustained in these adhesives. 

Ask your dealer for them and accept no substitutes. 


8 OZ. JARS, 30 CENTS. 1602. JARS, 50 CENTS. 


Higgins’ 
Photo- 
Mounter 


A novel and superior 
hesive, speuistiy prepared for 
mounting photographs, aristo- 
types, blue prints, engravings, 
etc., etc. 

Send for descriptive circulars, 
Address exactly, 


Chas. M. Higgins & Co. 


MANUFACTURERS, 


168 to 172 Sth St., Brooklyn, N. Y. 
U.S. A. 
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Caligraph New Special No. 3. 
GREATEST SPEED. We are now prepared to fur- 
BEST FOR MANIFOLDING. nish the New Srecian No. 3, 
100,000 Daily Users. having 78 characters, fitted with 
an extra platen for Manifolding 
(platen can be changed in two 

minutes). 


A new ribbon movement 
carrying the ribbon back and 
forth, as well as across the 
disk. 

This special machine, in 
quality of material and ‘ineness 
"4 of workmanship, excels any- 
thing ever before placed on the 
market, and has been brouglit 
out to meet the demands of 


Single Case, No.2, . those requiring the best that 
185-00 can be produced. 


THE AMERICAN WRITING MACHINE CO., Hartford, Conn. 


SRANCH OFFICES: 237 BROADWAY, N. ¥. 
14 W. 4TH ST., CINCINNATI, 0. 1003 ARCH 8T., PHILADELPHIA. 


JEFFREY Cain. 
Belting OF VARIOUS STYLES 
INCLUDING 
ROLLER, LINK, OBORN, CABLE, DRAG AND 
SPECIAL CHAINS 


FOR 


Elevating and Conveying Machinery. 
For Handling Material of all kinds, 
ALSO MANUFACTURE 
Jeffrey Mining Machines, Drilis, Motor Cara and 
Mining Suppties. 


For Catalogue and Prices, address 


The Jeffrey Mfg. Co., Columbus, 0. 


NEW YORK BRANCH, CHICAGO, 
45 Cortiandt &t. 48 8. Canai St. 
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